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Flow Calin Sheds 


FREDERIC W. TAYLOR, M.D., Indianapolis 


It is generally believed that the liver rids 
the portal blood of many bacteria. There is 
little doubt that the liver is fully capable of 
this sterilizing action’ when called upon in 
acute infections or ulcerative lesions of the 
gut. Nevertheless, there is considerable doubt 
that this action takes place in health and that 
bacteria are normally poured into the liver 
by way of the portal vein. 

A few years ago an attempt was made 
by me to prove or disprove the thesis that 
the portal vein normally carries bacteria. 
The cultures of portal blood which were 
taken at that time were sterile. The means 
of obtaining these early cultures were labor- 
ious and time consuming. It was necessary 
to carry out bacteriological sterility which 
was considerably more complicated than the 
mere drawing of blood from the portal vein 
during the course of an operative procedure. 
Interest in the problem was lost because of 
the difficulty in obtaining portal blood and 
because of the fact that no bacteria grew in 
the few samples which were taken. 

Thought along this line was again stimu- 
lated by two factors. First was the practica- 
bility of placing a fine plastic tube in the 
portal vein from which random sampies of 
blood could be removed for interval culture.* 

Read at the 63d Annual Meeting of the Western 
Surgical Association, Seattle, Dec. 2, 1955. 

From the Department of Surgery, Indiana Uni- 
versity School of Medicine and the Indianapolis 
Veterans Hospital; aided by a grant from the 
James Whitcomb Riley Memorial Association. 
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Second was a recent report which was quite 
contrary to our early findings. This report 
indicated that normally “there is a continual 
seeding of the liver by bacteria that pass 
from the gastrointestinal tract to the liver 
by way of the portal vein.” * 

As indicated, the means used in the pres- 
ent culture of portal blood has not been used 
before in this type of study. The ease with 
which repeated cultures may be taken offers 
many advantages over previous methods. 
They may be taken at any time, day or night, 
and are not limited to the time span of an 
operation. Cultures may be taken at hourly 
intervals throughout the day to see if any 
surges of bacteria can be demonstrated in 
the portal blood after meals or various other 
activities. 

The faults of this method of blood culture 
are few and lie not in the method itself but 
in its execution and repetition. It is obvious 
that repeated “tapping” of an indwelling 
venous canula may lead to contamination and 
occasional false bacterial growths. Also, it 
is necessary to allow a constant slow drip 
of heparin solution to flow throughout the 
period the plastic tube lies in the vein. Occa- 
sionally the connection between the perfusing 
solution and the plastic tube was allowed 
to lie bare and uncovered in the patient’s 
bed. These factors all add to the possibility 
of contamination. 


METHOD 


The means by which samples of blood were ob- 
tained has recently been described in conjunction 


with portal tension studies.2 Briefly this consisted 


a 


* References 3 and 4. 
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Fig. 1—Tapping portal vein for blood culture. 


into portal vein. 


of inserting a fine plastic tube into the portal vein 
by way of the right gastroepiploic vein. This tube 
was of the boilable vinyl-compound type with an 
Into the lumen of 
this tube an 18-gauge needle fits snugly to facilitate 


outside diameter of 1.65 mm. 


the withdrawal of blood. The tip of the tube was 
beveled and had at least one fenestration near the 
end to facilitate the withdrawal of blood. It was 
put in place during the course of some upper ab- 
dominal operation (lig. 1). 

Practically all insertions of the plastic tube were 
done during a simple cholecystectomy. At the con- 
clusion of the operation, the right gastroepiploic 
vein, or one of its larger branches, was isolated 
between two sutures and the tip of the tube inserted 
into the vein. The tip was then guided with the 
aid of the index finger around beneath the pylorus 
into. the superior mesenteric vein and into” the 
portal vein. The proximal end of the tube was 


then drawn through the lumen of a = 13-gauge 
needle which had been thrust through the abdominal 
wall near the operative incision. 

\ dilute heparin solution was allowed to drip 
slowly through the tube in order to prevent ob- 
struction by clotting of blood. The rate of this flow 
was the least that regulation would allow and 
usually amounted to one or two drops a minute. 
The concentration of the heparin solution was arbi- 
trarily chosen to consist of 20 mg. heparin in 1000 


cc. of isotonic saline, 
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Plastic tube leads through abdominal wall 


To be 


sampled, it was necessary to know the exact posi- 


sure that only portal blood was being 
tion of the plastic tube tip. This position was 
ascertained in every instance by a venogram taken 
during the injection of 30% sodium = acetrizoate 
(Urokon) solution. It was found that occasionally 
the tube passed downward into the superior mesen 
teric vein. Samples of blood from. this situation 
were accepted as those from the portal vein, for, 
after all, they represent blood which is considered 
to be the contaminating portion of the portal blood. 

lig. 2. 


sodium acetrizoate (Urokon). 


Portal vein illuminated with intravenous 
Tip of plastic tube 


through which opaque fluid was injected is indicated 
by arrow. 
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BLOOD-CULTURE 





STUDIES OF 


Occasionally the tube passed directly to the left 
into the splenic vein. Samples were not used with 
the tube in this position but at times it was possible 
to withdraw the tube tip into an acceptable position 
at the base of the superior mesenteric vein (Fig. 2). 

Blood samples for culture were taken in a sterile 
syringe and injected directly into the culture 
medium, At the Veterans Hospital the culture 
medium consisted of brain-heart infusion broth. 
the same medium was used for both aerobic and 
anaerobic culture. The anaerobic cultures were 
incubated in a Brewer jar. 

In order to check the results, it was decided 
to send duplicate samples to the Veterans Hospital 
laboratory and to the Communicable Disease Lab- 
oratory, under the direction of Dr. Dwain N. Wal- 
Medical Center. 
This double check was run on the last 14 patients 


cher, at the Indiana University 


studied. It was pointed out by Dr. Walcher that 
the Brewer jar did not produce an undisputed con- 
dition for anaerobiosis. Therefore, the last 18 an- 
aerobic cultures were made in thioglycollate medium 
at the Communicable Disease Laboratory. Brain 
heart infusion broth was used for aerobic cultures. 
The results obtained from the two laboratories 
were practically identical and therefore will not 
he considered separately. 

\ total of 167 portal-vein cultures were taken 
irom 21 patients. Of these, 101 were aerobic and 
66 were anaerobic. In all but two of the patients 
the blood samples were obtained by means of the 
indwelling-piastic-tube method. In these two portal 
blood was obtained at operation under bacterial 
isepsts before pr ceeding with a routine cholecys 
tectomy, 


RESULTS 


In the 167 cultures taken of portal blood, 
all were free of growth except 10. Nine of 
these were in aerobic cultures and one in the 
anaerobic cultures. .\s these 10 are analyzed, 
nt will be noted that all but one would seem 
to be contaminations having nothing to do 
with intestinal bacteria. But one lone cul- 
ture contained a coliform organism. 

The Table, listing these positive cultures, 
indicates the situation more clearly. All six 
patients in which the 10 growths appeared 
had a normal uncomplicated convalescence, 
and there was nothing in their operative 
findings which might suggest any abnormal 
inflammation or absorption from the bowel. 
These patients all had negative cultures as 
well as the positive ones. 

It will be noted that with one exception 


there was a time interval of two or more 





PORTAL 








VEIN 


postoperative days of sampling allowing more 
opportunity for contamination of our appara- 
tus. The one exception contained a growth 
of Bacillus subtilis, which most certainly was 
a contaminant. 

Attention is called to the fact that only one 
coliform organism was found. All the other 
growths were those which are normal air- 
borne organisms and are the frequent con- 
taminants of blood cultures. It is therefore 
helieved that of the 167 cultures there is but 
one which could possibly represent intestinal- 
tract organisms in the portal blood. Even in 
this particular instance it should be pointed 
out that the positive culture was taken on 
the third day after operation and that the 
hub of the needle-tube connection lay bare 


Ten Positive Growths from 167 Portal-l ein 


Cultures 


Days 
Post 
opera- Aerobie 
Patient tive Anaerobie Growths 
1 B Aerobie Tetrads 
1 Aerobie Staphylococcus albus 
a) Aerobie Staphylococeus albus 
2 / Aerobie Tetrads 
7 Aerobie Staphyloeoceus albus 
i Aerobie Staphylococcus albus 
t Anaerobie Staphylococcus albus 
4 3 Aerobie Staphylococcus albus 
a) 1 Aerobie Bacillis subtilis 
6 3 Aerobie Staphylococcus aureus 


Escherichia coli 


and uncovered in bed with occasional break- 
ing of the joint for culture or pressure 
determination. Subsequent studies most cer- 
tainly must take more care about this feature 
and endeavor to keep the connection sterile 
or nearly so. 

It should be mentioned that two of our 
patients had antibiotics of one kind or an- 
other following surgery. This was done as 
a routine measure without my previous 
knowledge and not because of any infection. 
It would seem that this had little effect on 
the situation, since one of the patients (Case 


3) had two contaminated blood cultures. 
COMMENT 

The question of the sterility of blood drain- 

ing the intestine is more than of academic 

interest. It is a basic fundamental fact which 
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must be accurately appraised. There can be 
no doubt that on occasions the portal system 
conveys bacteria from the intestine to the 
liver, where the bacteria are largely if not 
completely destroyed. Just when these surges 
of bacteria appear in the portal vein is not 
known. It seems quite plausible and probable 
that such conditions as regional enteritis 
or ulcerative colitis may serve as portals of 
entry, although scientific proof is lacking. 
The present study indicates that portal blood 
draining the normal intestine is free of 
bacteria. 

It has been suggested * that the finding in 
portal cultures of the organisms generally 
associated with air-borne contaminations is 
of significance. This would seem quite un- 
tenable. If there is one group of organisms 
which is associated with bowel contents, it 
is the Gram-negative rod. These are con- 
spicuously absent in the portal-blood cultures 
so far recorded. In the rare instances where 
they do appear, there would seem to be an 
equal chance that they, too, may have been 
contaminants. 

The entire question is by no means set- 
tled, but the present study seems to sub- 
stantiate those® who consider the usual 
portal blood to be quite free of bacteria. 

Cultures were drawn on one patient every 
hour during the day. In another patient cul- 
tures were taken before and after meals. All 
cultures indicated a sterile portal blood, and 
there were no showers of bacteria following 
physiological activity of the intestine. 
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A new tool is here introduced to investi- 
gate this problem. It is hoped that it will 
prove more accurate than former methods 
of portal-blood culture in disease as well as 
in health. 


SUMMARY AND CONCLUSIONS 

Portal-blood cultures were taken by means 
of tapping a plastic tube placed in the portal 
vein of patients. All 167 samples were sterile 
except 10 positive cultures. Nine and possibly 
all of these were considered contaminations. 





Blood carried in the portal vein is nor- 
mally sterile. 

The method of obtaining repeated blood 
samples here described opens avenues for 
further bacterial study of portal blood in 
various intestinal infections. 
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WILLIAM E. BROWNLEE, M.D. 
and 
FRANK F. ALLBRITTEN Jr., M.D., Kansas City, Kan. 


Adequate pulmonary ventilation during 
anesthesia is essential for maximum protec- 
tion of the patient during surgical operations. 
Allbritten, Haupt, and Amadeo * have shown 
that a decrease in effective pulmonary ventila- 
tion frequently occurs during anesthesia and 
that a considerable increase in the minute 
volume of ventilation is required to provide 
a consistently adequate pulmonary ventila- 
tion. They also demonstrated that consist- 
ently adequate pulmonary ventilation could 
be provided without excessive airway pres- 
sure by assisting the deflation phase of res- 
piration as weil as the inflation phase during 
anesthesia. Adequacy of ventilation was 
directly related to ventilatory volume. As an 
outgrowth of this interest in the importance 
of the volume of pulmonary ventilation dur- 
ing anesthesia, this present study was con- 
ducted to show the relationship of lung 
volume to airway pressure both in the con- 
scious patient and in the anesthetized patient 
undergoing surgical operation and to deter- 
mine what factors influence this relationship. 

Rohrer and co-workers * were the first to 
analyze the mechanical factors in the respira- 
tory system. They determined that the elastic 
forces acting on the lung and surrounding 
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y Significance of the oliung-horax 
Compliance in Surgical Operations 





structures depend upon the degree of defor- 
mation of these structures, hence are a func- 
tion of volume. The elastic forces must be 
measured when there is no airflow, to permit 
separation from the forces exerted by friction 
caused by flow of gases and by lung-tissue 
resistance. The ease with which the lung 
may be distended has been termed “lung 
compliance.” The quantitative value is 
expressed in terms of change in lung volume 
per unit change in airway pressure. In the 
surgical patient we are concerned with the 
lung and thorax compliance, which includes 
the elastic forces exerted by the lungs and 
also those exerted by the thoracic wall, intra- 
thoracic structures, diaphragm, abdominal 
wall, and intra-abdominal structures, for 
these latter forces are of particular impor- 
tance in their relation to changes occurring 
in lung volume during surgery. 


METHODS 


The method used to determine the lung-thorax 
compliance in the conscious patients was basically 
that described in 1946 by Rahn, Otis, Chadwick, 
and Fenn.* The patient was placed in a comfortable, 
supine position and was asked to inhale oxygen 
through a standard rubber mouthpiece. The nose 
was closed tightly with the fingers, and the patient 
was kept from exhaling by blocking the air outlet 
with a clamp. The airway pressure was measured 
at a point as close as possible to the mouth after 
permitting two or three seconds for equalization 
of the airway pressure to occur. The air outlet 
was opened, and the volume of passively exhaled 
air was measured. The glottis was kept open dur- 
ing the procedure. The apparatus used is shown 
in Figure 1. The volume of air flow was measured 
by electronic integration of the rate of air flow, 
which was determined by a _ pneumotachograph 
attached close to the rubber mouthpiece. The air- 
cxeceaiilllbibiaaaciie 


* References 3 and 4. 
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Pressure Transducer 
(Stotham P23A) 


igure 1 


Way pressure was measured by a pressure trans- 
ducer, (Statham P23A), which was placed as close 
to the mouthpiece as possible. A second pressure 

(Statham 
was attached to either side of the fine- 


transducer P5), measuring differential 
pressure, 
mesh low-resistance screen of the pneumotachograph 
and permitted measurement of rate of air flow. 
The pneumotachograph was carefully calibrated 
with a Tissot spirometer before the study was begun 
and again during the study. Successful calibration 
of the pneumotachograph requires that the tubes 
leading from it to the pressure transducer are of 
such a length that the direction of air flow can be 
reversed without significantly altering the volume 
of air measured. After calibration, tubing cannot 
be changed without recalibration. The pneumotacho- 
graph is sensitive to changes in the density of the 
gas and consequently its moisture content. For this 


reason, dry oxygen from a small portable tank 
was used for calibration throughout the study. 
The measurements were recorded on a multi- 


channel oscilloscope, and a permanent record was 
obtained by photographing the oscilloscope beams. 
Fifteen to twenty records of the pressure-volume 
relationship with varying volumes of inspired air 
were made on each patient. The patient was en- 
couraged to relax prior to starting the test and 
was carefully instructed in the technique of the 


procedure. “Training” of the patients was not used 
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to increase the degree of relaxation because pre- 
liminary tests showed that bias was readily intro- 
duced when “training” was employed. An example 
of typical pressure/volume curve obtained is shown 
in Figure 2. There is considerable scattering of 
the points, which indicates the necessity for mul- 
tiple tests. The relation of pressure to volume was 
obtained by taking the average of the 15 to 20 
readings. 

The method employed in measuring the lung- 
thorax compliance in anesthetized patients was simi- 
lar to that used in conscious patients. The pneumo- 
tachograph was attached to the endotracheal tube 
of the anesthetized patient rather than to a rubber 
mouthpiece. A 5-liter rubber gas bag filled with 
oxygen was connected by a flexible plastic tubing 
the T-tube 
the distal end of the pneumotachograph. Clamps 


to one arm of which was attached to 
were placed across the segments of flexible plastic 
tubing attached to each arm of the T-tube. Prior 
to connecting the anesthetized patient to the sys 
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tem, he was made apneic either by passive hyper 
ventilation with oxygen or by neuromuscular block 
ing agents. The lungs were inflated by squeezing 
the rubber bag filled with oxygen and unclamping 
the tube leading to the pneumotachograph. The tube 
was reclamped, and the airway pressure was al 
lowed to equalize for a period of a few seconds 
T-tubc 
released with resulting outward flow of the pas 


The clamp on the opposite end of the was 
sively exhaled air through the pneumotachograph 
This 


reading after the lung had been inflated with vary- 


Was repeated three to six times for each 


ing volumes of oxygen, Continuous records were 


made. A typical example of the pressure/volume 
curve obtained in the anesthetized patient is shown 
in Figure 3. The slight discrepancies in’ volume 
measured on passive deflation compared with the 
volume measured on inflation were due to the dif 
ference between the density of the oxygen and the 
density of the exhaled gas. The relation of pres 
sure to volume was obtained by taking the averag: 
of the 6 to 12 readings. As shown in Figure 3 the 
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curve approximates a linear relationship during 

the normal pressure range studied during anes- 

thesia in contrast to the values obtained in the 
2 


conscious patient shown in Figure 2. 
RESULTS 

1. Lung-Thorax Compliance in Conscious 
Patients Before and After Operations E.x- 
cluding Thoracotomy—A group of seven 
patients undergoing miscellaneous operations 
other than thoracotomy was studied in an 
attempt to determine if the operation pro- 
duced a change in the lung-thorax compli- 
ance. The lung-thorax compliance was 
determined in the conscious state in the 
supine position without sedation on the day 
preceding operation. The postoperative lung- 
thorax compliance was measured in a similar 
manner on the fifth postoperative day, except 
in one case which was measured on the sixth 
postoperative day. The results are shown in 
Table 1. 


variation preoperatively and postoperatively, 


Although there was individual 


the increase in the average preoperative lung- 
thorax compliance from 150 ml/em. H.O 
to an average of 170 ml/cem.I120 postopera- 
tively was not found to be statistically sig- 
nificant when the f-test was employed. 

2. The Effect of General Anesthesia on 
Lung-Thorax Compliance-—A group of 19 
patients undergoing miscellaneous types of 
surgery was studied to determine if any 


change occurs in the lung-thorax compliance 


Paste 1.—Lung-Thorar Compliance in Conscious 
Patients Before and After Operations Excluding 
Thoracotomy 


Pre- Post- 
operative operative 
Com- Com- 


plianee, _pliance, 
MI/Cm. M1/Cm. 


Patient Operation H2O0 H20 
1 Subtotal gastrectomy 150 190 
Cystocele and recto- 40 190 
cele repair 
Vaginal hysterectomy: 80 100 
eystocele and rectocele 
repair 
4 Arthrotomy of knee 40 80 
a Arthretemy of knee 240 370 
6 Anterior-posterior 240 220 


resection of ear¢inoma 
of reetum 


7 Nephrectomy 70 70 


Average 150 170 


TasLe 2.—Effect of General Anesthesia on 
Lung-Thorax Compliance 








Con- Anes- 

scious _ thetized 

Com- Com- Com- 

Anes- plianee, pliance, pliance 
thetic Type of Ml1/Cm. Ml/Cm. Change, 
Patient Agent Apneat H20} H2O$§ % 
1 Ether H. 240 72 —71 
2 ee H., S. 90 50 —45 
3 T., E. H., S. 210 62 —72 
4 T., E. H., S. 140 42 —72 
5 Ta Oxo Et. H., D. 170 17 —71 
6 r., Be mB. 120 49 —53 
7 Cc, H. 210 49 —76 
8 C., E. H. 90 61 —33 
9 G. H., S. 220 29 —86 
10 Cc. H. 240 57 —75 
11 Cc. H. 290 16 —83 
12 ( H. 100 29 —70 
13 Tie ©. H., S. 77 9 —ss 
14 N., E. H. 40 33 —25 
|| Teer H., S. 100 42 —60 
16 TT, M. G. 150 50 —67 
17 ¥., ©. BR. H., D. 190 42 —i9 
18 Cee H. 110 40 —bt 
19 C.,E H., D. 240 61 —75 
Averages 160 46 —67 


*E=Ether; T=Thiopentothal; C—Cyclopropane; N= 
N20-O2. 

+ H=Hyperventilation; S=Succinyleholine; D=—Decame- 
thonium bromide (Syneurine); G=Gallamine (Flaxedil). 

3} All measurements taken in supine position the day pre- 
ceding operation. 

§ All measurements taken in supine position before start 
of operation. 





in the conscious patient and that in the 
patient undergoing general anesthesia. The 
lung-thorax compliance was measured in the 
conscious patient in the supine position 
without any sedation on the day preceding 
surgery. This was compared with the lung- 
thorax compliance found in the anesthetized 
state in the supine position preceding the 
initiation of the operation. The results are 
shown in Table 2. There was a large, con- 
sistent decrease in the lung-thorax compli- 
ance from an average of 150 ml ‘cm.H.O in 
the conscious state to an average of 46 ml 
cm.H»,O in the anesthetized state. The 
average decrease was 679%. Several different 
types of anesthetic agents were used. .\pnea 
was produced either by hyperventilation or 
by a combination of hyperventilation and 
neuromuscular blocking agents, the compli- 
ance change appeared to he independent of 
the method of producing apnea. 

Since a decrease in lung-thorax compli- 
ance was found to occur in patients under 
general anesthesia compared with that in con- 
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scious patients, a study was made to deter- 
mine if any change occurs with a variation 
in the plane of general anesthesia. [igure 4 
shows the lung-thorax compliance values 
obtained when measured in a patient under- 
going vaginal hysterectomy and repair of a 
cystocele and rectocele. She was in the same 
position (lithotomy ) throughout. Ether anes- 
thesia alone was used at all times. No neuro- 
muscular blocking agents were used, and 
apnea was obtained by hyperventilation. She 
was intubated under deep ether anesthesia, 
and the lung-thorax compliance was meas- 
ured in each successive plane of third-stage 
anesthesia as the anesthesia was lightened. 
As shown in Figure 4 the lung-thorax com- 
pliance increased as the depth of anesthesia 
lightened until very light first-plane anes- 
thesia was reached. At this point the patient 
was sufficiently light to resist inflation of the 
lungs. for this reason the depth of anesthesia 
for the ensuing studies was kept as nearly 
as possible in the lower first or upper second 
plane because of the relative stability of the 
lung-thorax compliance at this level of anes- 
thesia. ther anesthesia was chosen in this 
study because of the greater ease of assessing 
the correct plane of third-stage anesthesia on 
clinical grounds and because the depth of 
anesthesia does not change as rapidly as in 
other types of anesthesia. The vaginal hys- 
terectomy was chosen as the type of opera- 
tion because there was relatively little chance 
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of introducing other factors influencing lung- 
thorax compliance. 

3. The Effect of Pressure on the Tho- 
racic Wall on Lung-Thorax Compliance.— 
A group of four patients was studied to 
determine the change in lung-thorax compli- 
ance occurring when the arm of the surgeon 
or the surgeon’s assistant was resting with 
slight pressure on the patient’s chest during 
surgery. All of the patients were under gen- 
eral anesthesia and in the supine position. 
A lung-thorax compliance measurement was 
taken with the arm resting on the chest and 
immediately after the arm was removed from 
the chest. This was done to keep all other 
factors influencing compliance constant. The 
results are shown in Table 3. There was a 
consistent decrease in the lung-thorax com- 
pliance with the arm on the chest, with an 
average decrease of 15%. 

4. The Effect of Subdiaphragmatic Pres- 
sure on Lung-Thorax Compliance.—A group 
of four patients was studied to determine 
the change in lung-thorax compliance occur- 
ring when an ordinary Deaver metal retrac- 
tor is placed against the liver to expose 
the operative field during laparotomy. The 
patients were all in the supine position and 
under general anesthesia. The lung-thorax 
compliance was measured with the retractor 
in place and immediately after removal of 
the retractor. This was done to keep all other 
factors influencing lung-thorax compliance 
constant. The results are shown in Table 4. 
There was considerable variation in the indi- 
vidual determinations, apparently related to 


Taste 3.—Effect of Arm Resting on Chest on 
Lung-Thorax Compliance 


Com- Com- 
pliance  pliance 
with with 
Arm Off Arm On Com- 
Chest Chest, plianee 
Pa- Ml/Cm. Ml/Cm. Change, 
tient Operation H:eO H2O % 
1 Duodenojejunostomy 4 36 —14 
2 Exploratory 14 33 —25 
laparotomy 
3 Vaginal hysterecto- 50 16 —8 
my: ¢ystocele and 
reetocele repair 
4 Mitral valvulotomy 19 13 —12 
Average —15 























the vigor of the assistant doing the retracting. 
There was, however, a significant decrease 
in all but one case, and there was an aver- 
age decrease in the lung-thorax compliance 
of 18%. 

A patient with cirrhosis of the liver and 
pronounced ascites resulting from a long- 
standing postoperative common -bile-duct 
stricture was studied to determine the effect 
of ascites on lung-thorax compliance. The 
initial reading was made with the patient 
under general anesthesia just prior to open- 
ing the peritoneum. The second reading was 
made just after the ascitic fluid had been 
removed by suction. The lung-thorax com- 
pliance with ascitic fluid present was 39% 


TaB_e 4.—Effect of Retraction Against the Liver 
on Lung-Thorax Compliance 


Com- 
Com- pliance 
plianee with 
of Liver Re- Com- 
Control, tracted, pliance 
Pa Ml/Cm. Ml/Cm. Change, 
tient Operation H:2O H:20 /; 
1 Duodenojejunostomy 52 33 —37 
Cholecystectomy; 42 43 +2 
common-duet 
exploration 
Exploratory 16 x7 —20 
laparotomy 
4 Anterior-posterior th 37 —20 
resection of carei- 
noma ot reetum 
Average —18 


less than the lung-thorax compliance with 
the ascitic fluid removed. 

5. The Effect on Lung-Thorax Compli- 
ance by Thoracic and Subdiaphragmatic 
Pressure—.A\ group of five patients was 
studied to determine the change in lung- 
thoracic compliance occurring when the arm 
of the surgeon or surgeon’s assistant was 
placed in a resting position on the chest while 
the surgeon’s assistant was retracting the 
liver to expose the operative field during 
laparotomy. The patient was supine and 
under general anesthesia in each case. The 
measurements in each case were taken im- 
mediately before and after the arm was placed 
on the chest in order to keep all other fac- 
tors influencing lung-thorax compliance con- 
stant. The results are shown in Table 5. 
There was consistent decrease in the lung- 


thorax compliance when the arm was placed 








LUNG-THORAX COMPLIANCE IN VENTILATORY INADEQUACY 


TaBL_eE 5.—Effect on Lung-Thorax Compliance of 
Arm Resting on Chest During Retraction 
Against the Liver 








Com- 
Com-  plianee 
pliance with 


of Arm On Com- 
Control, Chest, pliance 
Pa- MI/Cm. Ml/Cm. Change, 
tient Operation H:0 H20 % 
1 Subtotal gestrectomy 32 29 —9 
2 Cholecystectomy 39 36 —8 
and common-duct 
exploration 
3 Exploratory 34 23 —32 
laparotomy 
4 Abdominal-perineal 44 33 —25 
resection of earei- 
noma of rectum 
5 Lett iliae artery 13 05 —62 
grait 
Average —27 


on the chest, with an average decrease of 
27%, although there was a rather wide range 
in the individual cases. 

6. Lung-Thorax Compliance at the Begin- 
ning and End of Operations Other than 
Thoracotomy.—A group of five patients was 
studied to determine the change in lung- 
thorax compliance occurring during opera- 
tions. The lung-thorax compliance was meas- 
ured with the patient in the supine position 
after induction of general anesthesia before 
the start of surgery and in the supine posi- 
tion ina comparable level of anesthesia after 
the completion of the surgical operation. The 
results are shown in Table 6. A consistent 
decrease in lung-thorax compliance occurred 
in all but one case. This particular patient 
was very obese and experienced considerable 
improvement in compliance and in ventila- 


TABLE 6.—Lung-Thorax Compliance at the 
Beginning and End of Surgery Other 


than Thoracotomy 


Com- 
plianee Com- 
at Be-  pliance 
ginning, at End, 


Pa- Ml/Cm. Ml/Cm. Change, 
tient Operation HzO H:0 % 

] Right nephrectomy 25 10 +60 
Subtotal gastrectomy 50 36 —28 
Choleeysteetomy 42 32 —4 

and common-duet 
exploration 

{ \bdominal-perineal 61 38 8 

resection of earci- 
noma of reetum 
Vaginal hysterectomy; 59 50 18 
cystocele and reeto 
cele repair 
Average —10 
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tion after she was shifted to the lateral posi- 
tion, thus permitting a pendulous anterior 
abdominal wall to sag downward with a con- 
sequent decrease in intra-abdominal pressure. 
There was an average decrease in lung- 
thorax compliance of 10% at the end of the 
surgical operation. 

7. The Range in Lung-Thorax Compli- 
ance Occurring in a Variety of Operations 
but Excluding Thoracotomy.—A_ group of 
12 patients was studied. Each patient was 


under general anesthesia. The lung-thorax 


Taste 7.—Range in Lung-Thorax Compliance in 
Operations Other than Thoracotomy 





Highest Lowest 


Com- Com- 
pliance, pliance, 
Pa- Ml/Cm. Ml/Cm. Change, 
tient Operation H20 H:0 % 
1 Duodenojejunostomy 52 33 —37 
2 Partial hepatectomy; 31 19 —39 
hepatic-duct drainage 
3 Subtotal gastrectomy 50 29 —42 
4 Cholecystectomy; 48 32 —33 
common-duct 
exploration 
5 Exploratory 46 23 —50 
laparotomy 
6 Abdominal-perineal 61 33 —46 
resection of carci- 
noma otf reetum 
7 Left iliae artery 18 5 —2 
gratt 
8 Cystocele and recto- 72 47 —35 
cele repair 
9 Cystocele and recto- 42 30 —29 
cele repair 
10 Vaginal hysterectomy bd 48 —13 
11 Vaginal hysterecto- 65 16 —-29 
my: cystocele and 
rectocele repair 
12 Right nephrectomy 10) 9 -78 
Average 4 


compliance was measured at different times 
during the operation under circumstances 
which varied considerably. The results are 
shown in Table 7. The lowest reading ob- 
served was compared with the highest read- 
ing, and the difference was expressed as the 
percentage decrease. A rather wide varia- 
tion was found, with an average decrease in 
lung-thorax compliance of 42% occurring 
when the lowest reading was compared with 
the highest reading. 


COMMENT 
The study of lung-thorax compliance in 
the conscious patients presents the problem 
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of obtaining a truly relaxed state. The vari- 
ability of the results obtained in a control 
during a given test and in the same control 
in tests on successive days makes the results 
of a single test difficult to evaluate and re- 
quires that either a large group of persons 
be studied or that a relatively great effect be 
produced when the effect of a factor chang- 
ing lung-thorax compliance is studied. No 
significant difference in the lung-thorax com- 
pliance in conscious patients before and after 
operation was found to exist in a group of 
seven patients. Thoracic operations were 
excluded from this study. A very definite 
significant decrease in lung-thorax compli- 
ance was found to occur in identical patients 
under general anesthesia when compared 
with the same determination made preopera- 
tively. have 
previously reported finding this difference to 


Nims, Conner, and Comroe ® 


occur, and they discuss the theoretical con- 
siderations producing this change in detail. 
Although they were unable to prove deti- 
nitely which value represents the true value 
for lung-thorax compliance, they felt that the 
anesthetized values were more likely to be 
the true values because of the inability of man 
in the conscious state to completely suppress 
the tone of the respiratory muscles. Holaday 
and Israel ® have also reported finding this 
difference between the conscious and anes- 
thetized state to exist in their study of the 
elastic properties of the lung-thorax compli- 
Mead, 


Saxton? have shown a decrease in lung- 


ance. I erris, Whittenberger, and 
thorax compliance in patients convalescing 
from anterior poliomyelitis. Although they 
ascribed the changes as being due to stiffness 
of the thorax due to immobilization and_ to 
changes in the elastic properties of the lungs 
due to limited range of activity in the respir- 
ator, the factor of decreased muscle tone 
must also be considered, as in the anesthet- 
ized state. 

The study of factors influencing lung- 
thorax compliance in patients under general 
anesthesia indicated that a more linear rela- 
tionship between pressure and volume ex- 


isted, suggesting that extraneous factors had 
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been eliminated which permitted study of 
small differences existing in lung-thorax 
compliance in relatively small groups of 
patients. The studies made on patients under 
general anesthesia showed that any factor 
tending to immobilize either the thorax or 
the diaphragm produced a consistent decrease 
in lung-thorax compliance. Also factors such 
as an arm resting on the chest, retraction 
against the liver during laparotomy, and an 
arm resting on the chest while the liver was 
being retracted all caused a decrease in lung- 
thorax compliance. These factors are com- 
monly encountered during surgical opera- 
tions and may significantly alter pulmonary 
ventilation. 

The effect of anesthesia and surgical opera- 
tions on lung compliance was not consistent. 
Although there was an average decrease in 
compliance of 10% in five patients under- 
going various operations other than thora- 
cotomy who were measured under general 
anesthesia before the start of surgery and at 
the completion of surgery, four of them 
showed a decrease ranging from 18%-38%, 
while the fifth showed an increase of 60%. 
Factors to be considered as possibly pro- 
ducing a decrease in lung-thorax compliance 
are increased congestion of the lungs, partial 
atelectasis due to accumulation of tracheo- 
bronchial secretions, and irritative effects of 
gases or anesthetizing agents. The single 
large increase in compliance occurred in an 
extremely obese woman who showed immedi- 
ate improvement in compliance and ventila- 
tion after she was shifted from the supine to 
the lateral position. It is possible that some 
degree of atelectasis existed preoperatively 
that was improved by change of position and 
suctioning during the operation, The decrease 
of lung compliance occurring in animals when 
a mainstem bronchus is occluded has been 
shown by Nisell and Dubois.* It is probable 
that atelectasis or obstruction of a portion of 
the bronchial tree will produce a measurable 
decrease in lung-thorax compliance. 

The study of the range of lung-thorax 
compliance observed during operations in 


12 patients indicates significant variations 





VENTILATORY 





INADEQUACY 
occur. An average decrease of 42% was 
found to occur when the lowest reading was 
compared with the highest reading, with the 
percentage varying from 13% to 72% de- 
crease in the individual cases. This shows 
that during assisted respiration during anes- 
thesia a given positive pressure will not pro- 
duce a constant tidal volume and that the 
pressure necessary to produce a constant 
tidal volume may have to be increased as 
much as 260% from the lowest pressure 
required. It also demonstrates the variability 
from one person to another. An airway 
pressure required to produce an adequate 
tidal volume may at times be relatively high 
and in the range that may seriously interfere 
with cardiac output if an inflation phase alone 
is used to obtain adequate ventilation. 


SUMMARY AND CONCLUSIONS 


\ study of lung-thorax compliance has 
been made in the conscious patient and in the 
patient under general anesthesia undergoing 
operations other than thoracotomy. The rela- 
tion of compliance to adequate pulmonary 
ventilation is considered. 

No significant change in lung-thorax com- 
pliance occurred in seven conscious patients 
before and after operations not including 
thoracotomy. 

General anesthesia in 19 patients resulted 
in an average decrease of 67% in lung-thorax 
compliance when compared with the lung- 
thorax compliance in the conscious state. 

Pressure on the thoracic wall exerted by 
an arm resting on the chest during general 
anesthesia produced a decrease in lung- 
thorax compliance of 15% in four patients. 

Subdiaphragmatic pressure produced by 
retraction against the liver produced an aver- 
age decrease in lung-thorax compliance of 
18% in four patients undergoing laparotomy 
during general anesthesia. 

Pressure on the thoracic wall and in the 
right subdiaphragmatic area in five patients 
under general anesthesia undergoing lapa- 
rotomy was found to produce an average 
decrease in lung-thorax compliance of 27%. 
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There was an average decrease of 10% in 
lung-thorax compliance in five patients un- 
dergoing surgery other than thoracotomy 
under general anesthesia when the lung- 
thorax compliance at the end of operation 
was compared with the lung-thorax compli- 
ance measured at the beginning of operation. 

An average decrease of 42% was found 
in 12 patients undergoing surgery other 
than thoracotomy when the lowest reading 
observed during an operation was compared 
with the highest reading observed. 

These findings and their implications are 
discussed. 

DISCUSSION 

Dr. WitttAmM E. Brown eer, Kansas City, Kan.: 

Some “assisted 


may be confused by the 


inflation” and “assisted deflation.” 


terms 
Those of you 
who were at the Virginia Mason Hospital, observ- 
ing Dr. Merendino, saw the Jefferson ventilator in 
use. “Assisted inflation” simply refers to positive 
pressure with inflation. “Assisted deflation” is the 
addition of slight vacuum during deflation. 
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An Experimental and Clinical Study 


HARRY W. SOUTHWICK, M.D. 
STEVEN G. ECONOMOU, M.D. 
and 

JOHN W. OTTEN, M.D., Chicago 


The increasingly frequent occurrence of a 
chest-wall defect secondary to trauma or to 
surgery for various tumors of this area of the 
body has focused attention on the problem of 
repairing the resultant chest-wall defect. 
Since the thoracic cage is solid yet in con- 
stant motion, any acceptable method of repair 
should offer the properties of mobility as well 
as stability. We and others * have utilized 
locally available tissue, such as the latissimus 
dorsi or pectoralis major muscle or the oppo- 
site breast, as a means to repair a thoracic- 
wall defect. In certain instances this practice 
has been satisfactory, and, whenever possible, 
locally available tissue should be utilized if 
it can offer the desired stability. Unfortu- 
nately, such local tissue often is not practical, 
either because of its instability or because the 
neurovascular supply of the tissue is removed 
incident to its mobilization. Occasionally, 
conditions prevailing at surgery make it un- 
desirable to prolong the operation while such 
mobilization of the reparative tissue is under- 
taken. If there were easily and immediately 
available a substitute material with which to 
effect a satisfactory repair, it would offer the 
operating surgeon a distinct advantage. 

During and since World War II, Blades 
and others,7 realizing the need for a synthetic 

Read at the 63d Annual Meeting of the Western 
Surgical Association, Seattle, Dec. 2, 1955. 

From the Department of Surgery, University of 
Illinois College of Medicine, and the Presbyterian 
Hospital. 

* References 1-4. 
+ References 5-7. 
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prosthesis, have used tantalum plates in the 
repair of chest-wall defects. This method of 
repair almost uniformly has been unsuccess- 
ful because the plates were either extruded, 
became loosened, or were the seat of per- 
sistent infection and draining sinuses, neces- 
sitating operative removal of the prosthesis. 
Failure has been attributed to the rigidity of 
the plate, which prevented it from moving in 
consort with changes in thoracic contour dur- 
ing respiration. Since Urban and associates ¢ 
reemphasized the importance of internal 
mammary lymph-node dissection along with 
radical mastectomy for certain cases of cancer 
of the breast, the challenge of optimally re- 
pairing this particular resultant thoracic-wall 
defect has stimulated considerable thought. 
Various surgeons developing their separate 
techniques have devised different methods for 
accomplishing this. However, in our experi- 
ence all of these methods have certain disad- 
vantages. Tantalum mesh has been success- 
fully used in other areas of the body, as in 
inguinal herniorrhaphy,'® and in the repair 
of thoracic-wall defects § where full-thickness 
skin and muscle give adequate cover to the 
prosthesis. However, in a standard radical 
mastectomy combined with an internal mam- 
mary lymphadenectomy only skin remains to 
cover the tantalum mesh. Here considerable 
difficulty has been encountered postopera- 
tively in practically all our cases. The mesh 
becomes fragmented, thus losing a great part 
of its stability. In many instances, slivers of 
metal have worked themselves through the 
relatively thin overlying skin and initiated 
chronically draining sinuses, often beginning 
some months after the operation. Several of 
the patients have required prolonged chemo- 
therapy in order to keep this drainage at a 
minimum. With a few patients we have cov- 





~ References 8 and 9. 
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ered the chest-wall defect with only the full- 
thickness skin flap present after the radical 
mastectomy.'* Although expedient, the poten- 
tial danger of this technique was demon- 
strated in one patient in whom necrosis of 
the flap led to a pneumothorax and necessi- 
tated 
prevent a fatal outcome. In instances where 


emergency operative correction to 
the full-thickness skin covering remained 
viable and intact, the resultant paradoxical 
motion was unsightly and distressing to the 
patient, although admittedly no significant 
physiological detriment. Other methods of 
repair requiring the use of free split-skin 
grafts or the reapplication of the excised 
portion of the chest wall after it has been 
denuded and boiled have seemed unneces- 
sarily ponderous and potentially dangerous. 

Realizing that the use of autologous tissue 
for repair is desirable in most instances, we 
have used fascia lata or rectus sheath in many 
of our cases. While reasonably adequate, this 
repair still leaves a somewhat unstable chest 
wall. Furthermore, unless a second surgical 
team is available to obtain the fascia lata, 
considerable extension of the operating time 
may result. 


These disadvantages have prompted us to 


seek a readily available prosthesis which 
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would be nonreactive, move with thoracic 
respiration, and at the same time offer a 
stability not otherwise obtainable. From the 
reports of many authors || on the use of poly- 
vinyl formalinized (Ivalon) sponge, we were 
aware of the existence of such a prosthetic 
material. This polyvinyl formalinized sponge 
is inert in human tissue. It also is soft, yet 
resilient, is light, can be easily sterilized, can 
be molded or tailored to desired shape, and 
has intercommunicating air spaces. The last 
property is one of the more critical because 
it allows for serum to permeate throughout 
the sponge. This serum then acts as a frame- 
work for the propagation and_ proliferation 
of fibroblasts inward from the margins of the 
prosthesis so that with completion of the 
healing process the inert sponge is interlaced 
throughout with living tissue. 


EXPERIMENTAL OBSERVATIONS 


The laboratory investigations were performed on 
a series of 16 mongrel dogs each weighing about 
10 kg. After the induction of anesthesia with thio- 
pental (Pentothal) 
tracheal intubation, an elliptical incision was made 
on the right chest wall of the animal. A full-thick- 
ness skin flap was mobilized and reflected laterally 
(lig. 1). The muscles of the chest wall and at least 
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Fig. 1--A segment of 
the chest wall of the ani- 
mal, including muscle, 
ribs, and pleura, was ex- 
cised, initially creating a 
defect approximately 8 
cm. in diameter. 
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Fig. 2—The skin flap 
was sutured to the pros- 
thesis at multiple points 
to minimize the accumula 
tion of serum. 


two ribs were excised en bloc, creating a defect 
about & cm. in greatest diameter. The size of the 
defect with only the skin remaining approximated 
in a relative fashion the situation encountered in 
the human patient undergoing surgery for carci- 
noma of the breast. A sheet of polveinvl formalinized 
sponge approximately 7 mm. thick and of sufficient 
width to overlap the chest defect was sutured in 
place with interrupted 000 nonabsorbable surgical 
(cotton) sutures. Although polyvinyl formalinized 
sponge will not support bacterial growth, 300,000 
units of aqueous penicillin was sprayed over the 
prosthesis as a precautionary measure against con- 
taminants. In closing, the skin flap was sutured to 
the prosthesis at multiple points with interrupted 
nonabsorbable surgical (cotton) sutures (Fig. 2) 
and, finally, the incision was closed with a con- 
tinuous subcutaneous absorbable surgical (gut) 
suture, 

our animals were used as controls. In two only 
the skin was used for closure, whereas in two 
others, rectus sheath was also employed. Each of 
the wounds healed satisfactorily, but instability of 
the chest wall was quite apparent. This latter find 
ing, of course, was not as marked in the two dogs 
where fascia had also been utilized, but it was still 
significant. 

\ prosthesis of polyvinyl formalinized sponge was 
placed in 12 dogs. In 10 of these the results have 
heen considered completefy satisfactory. One animal 
was operated on Nov. 12, 1954, and is still living 


with a firm chest wall. The other nine were killed 


at various intervals from two weeks to one year 
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after prosthetic replacement of the chest wall. At 
necropsy the piece of polyvinyl formalinized sponge 
was firm but pliable, and its periphery was some- 
what more pink than the central portion. The color 
variant was more marked in the animals killed at 
an early postoperative date and was an index of the 
ingress of viable vacularized structures from the 
periphery of the prosthesis. The skin was not 
densely adherent to the sponge but was separated 
from it by a layer of areolar tissue. The inner aspect 
of the sponge was covered by endothelium whose 
continuity with the parietal pleura was unbroken. 

On microscopic examination the specimens re 
moved at two weeks showed impregnation of the 
sponge with serum and fibrin and marginal fibro- 
blastic activity (Fig. 3). At one year, the inter- 
stices of the entire sponge were filled with fibrous 
scar through which many small blood vessels could 
be demonstrated (Fig. 4). 

In two animals technical difficulties made the end- 
results unsatisfactory. Because the animals could 
not be bandaged with a satisfactory pressure dres- 
sing, as would be possible in the human, some serum 
would collect under the flap, placing stress on the 
suture line. Two dogs developed wound separation 
and, with conditions prevailing in animal cages, 
gross infection was unavoidable, and a persistently 
draining wound developed. One animal was reoper- 
ated upon and the prosthesis removed; this wound 
then healed, but the chest wall was unstable. The 
other animal was killed at 11 weeks; infiltration of 


the sponge with viable tissue was minimal. 
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CLINICAL ORSERVATIONS 

Knowing that polyvinyl formalinized 
sponge is well tolerated by human tissue and 
having demonstrated to our satisfaction that 
this material can be used successfully experi- 
mentally to give stability to a chest wall, 








clinical utilization of the prosthetic material 
was undertaken. At this time 10 patients have 
had a portion of their chest wall replaced with 
polyvinyl formalinized sponge. Initially, nine 
months ago, our experimental work had not 
progressed to the point where we felt confi- 
dent enough to place the material immediately 
beneath the skin. The first two patients had 
tumor problems requiring the removal of a 
portion of the chest wall for reasons other 





than internal-mammary-node dissection. One 
was a 64-year-old man with a recurrent 
neurofibrosarcoma of intercostal-nerve origin. 
The other was a 21-year-old woman with 
von Recklinghausen’s neurofibromatosis who 
had developed a neurofibrosarcoma of the 
right chest wall. In each of these instances 
it was possible, after the prosthetic material 
had been sutured in place, to reinforce it with 
a layer of muscle. Both patients made un- 
eventful and satisfactory recoveries and soon 
had a firm chest wall. 


CHEST-W ALL 





DEFECTS 


a | 


Fig. 5.—A patient who 
had had an internal-mam- 
mary-node dissection com- 
bined with radical mas- 
tectomy two years previ- 
ously. The defect had 
been repaired with rectus 
sheath covered by skin. A 
marked depression in the 
chest wall is apparent on 
deep inspiration. 





Bolstered by these cases and fortified with 
our satisfactory experimental observations, 
we have utilized the sponge in repairing the 
chest-wall defects in eight patients who have 
had internal mammary lymphadenectomies. 
Seven of the eight cases have given completely 
satisfactory results (Figs. 5 and 6). One of 
the patients was discharged to a distant city 
on the 14th postoperative day with her wound 
apparently completely healed. She subse- 
quently developed a cellulitis of the skin 
accompanied by a seroma of which the sig- 
nificance was not appreciated by her local 
physician. She was readmitted to the hospital 
some days later with chills and fever and an 
obvious abscess of her chest wall, for which 
incision and drainage was mandatory. The 
infected field would not heal with the foreign 
body in place; hence, when the systemic ef- 
fects of the infection had been controlled, the 
sponge was removed. The pleura had become 
sufficiently adherent so that no empyema re- 
sulted. The patient made a satisfactory recov- 
ery, though her chest wall has paradoxical 
movement. Had the cellulitis been promptly 
treated before the abscess developed, it might 
have been possible to avert the subsequent 
procedures. 
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lig. 6. 
section, removal of the clavicle, radical mastectomy, 
and internal-mammary-node dissection two months 
previously. Even at this early date, motion of the 
chest wall is negligible on inspiration. 


\ woman who had had a low neck dis- 


Obviously, whenever possible, homologous 
or artificial material should be discarded in 
favor of autologous tissue in operative recon- 
structions. However, since this is not always 
possible or reasonable, it is desirable that a 
readily available and functionally acceptable 
artificial means exist to accomplish a satis- 
factory repair. Polyvinyl formalinized sponge 
appears to satisfy these criteria, The proper- 
ties of polyvinyl formalinized sponge, previ 
ously demonstrated, which make it a desirable 
prosthetic material, must be weighed against 
its actual potential disadvantages. 

As with all foreign material, polyvinyl for- 
ialinized sponge is poorly tolerated in the 
presence of infection and its utilization in a 
contaminated field is contraindicated. When 
it is used, meticulous adherence to aseptic 
technique must be maintained and the pro- 
phylactic use of antibiotics seems indicated. 
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Should a frank abscess develop, complete 
healing is unlikely without the removal of the 
sponge. 

A potential disadvantage is the theoretical 
carcinogenic effect of the material. Oppen- 
heimer and associates 'S have reported on the 
formation of sarcomas in rats and mice in 
which they had implanted various plastics 
subcutaneously. However, neither polyvinyl 
formalinized nor any similar material was 
tested in this series. Brown and associates 
in implanting polyvinyl compounds subcu- 
taneously in 50 mice noted only one instance 
of tumor formation. This lesion was a fibroma 
at a point adjacent to but distinetly separate 
from the site of implantation. Furthermore, 
neither in the extensive use of this material 
nor, for that matter, with the use of any other 
plastics has there been reported a single in- 
stance of an induced malignant tumor in a 
human patient. 

SUM MARY 

ISxperimental observations in dogs and 
clinical utilization in 10 patients have demon- 
strated the usefulness of a polyvinyl forma- 
linized (Ivalon) sponge in the prosthetic 
replacement of chest-wall defects.  function- 
ally stable thoracic cage resulted from its use. 
Its use in contaminated and potentially in- 


fected wounds is not recommended. 


DISCUSSION 

Dr. Hirawe Tomas LAnGston, Chicago: Thank 
you for the opportunity to compliment the essayists 
on their ingenious use of this now rather popular 
material. 

I have not had an opportunity to use it, because 
lately I have not encountered defects of sufficient 
size to require some insertion. Usually I have been 
able to swing muscle flaps, which as the essayists 
pointed out, are of course a better material, since 
they belong to the patient. 

The question of stability is very important. 
Whether some additional stability could be secured, 
I don’t know. However, it is perfectly true that 
with a little good luck you can close some of thes« 
defects with only skin and the subcutaneous fat. 
Then again there is always the mental hazard of 
an unstable chest wall and the recognition of vital 
motion, which may quite upset the patient. 

Iunctionally, however, even reasonable degrees 
of instability are compatible with a gool result. 
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Dr. JAMES Barrett Brown, St. Louis: From 
a plastic surgical standpoint, I believe we can 
say that a large bulk of polyvinyl formalinized 
(Ivalon) sponge has been advocated to enlarge 
breasts. We have never done this on our service. 
It gets too much into a hard fibrous mass and does 
not reproduce anything esthetically like a breast, 
which the operation is designed for. We have heard 
of marked trouble from the use of large bulk in 
one area. 

Unfortunately, this breast operation was reported 
first in a popular magazine rather than in a surgical 
journal, and I am quite sure Dr. Grindlay would 
back up my feeling of not recommending such 
large bulk of this material to accomplish anything 
such as trying to enlarge the breast. 

Dr. GrInDLAY: [| certainly would. 

Dr. Harry W. Soutuwick, Chicago: Initially 
we were quite tempted to make a hemisphere when 


replacing the chest wall. 
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| ATAU IVIL 

Various types of tubes have been used 
in conjunction with the surgical repair of 
the biliary-duct system. However, few ex- 
perimental data are available regarding the 
effects of these tubes on a recently con- 
structed anastomosis of the common bile 
duct, and commonly recommended clinical 
practices have been at considerable variance 
with the conclusions drawn from the results 
of the few experimental investigations in 
this field. Lary and Scheibe? have shown 
that the incidence of strictures at the site 
of ligation of the common bile duct of dogs 
is increased whenever a rubber tube has 
been placed in the duct above the ligature 
site. Harridge* demonstrated an increase 
the amount of 
fibrosis in, the wall of the common bile duct 


in the thickness of, and 


whenever there was contact with a rubber 
tube for long periods of time. Conversely, 
Cattell,? Walters,* Cole,° and many others 
have recommended rather prolonged support 
of anastomoses of the common bile duct in 
human patients. Recently, however, Cole has 
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Effect of am “Tides on the Healing oO 
- oo of the Cin Wile Duct 


advocated the use of no tube at all or of 
only short-term support of bile duct anas- 
tomoses.® 

The following study was designed (1) to 
determine whether prolonged contact of a 
recently constructed anastomosis of the 
common bile duct with a rubber tube was 
associated with a greater incidence of stric- 
ture formation and (2) to establish, if pos- 
sible, the 


optimum period of time for 


splinting of the duct following anastomosis. 


METHODS 


Two operations, one week apart, were performed 
on 25 adult mongrel dogs, with use of intravenous 
sodium pentobarbital anesthesia and strict aseptic 
precautions. The first operation consisted of chole- 
cystectomy and occlusion of the distal end of the 
common bile duct immediately above its entrance 
into the duodenum. Number 20 polyethylene tubing 
was tied around the duct just tightly enough to be 
in contact with the walls of the duct but not so 
tightly as to occlude the lumen (Fig. 1). The edema 
that followed placement of the polyethylene tubing 
was sufficient to occlude the lumen of the duct. At 
the second operation the common bile duct was 
observed to be dilated (Fig. 2); the ligature was 
removed, and the duct was transected about 2 to 
3 cm. above the site of ligation (Fig. 34). The cut 
ends of the duct were approximated in an end-to-end 
manner with interrupted nonabsorbable surgical 
sutures of No. 100 cotton placed about 1 to 2 mm. 
apart (Fig 3, B and C). Care was taken to achieve 
mucosa-to-mucosa approximation. A choledochot- 
omy was made 2 cm. above the line of anastomosis, 
either in the common bile duct, if a sufficient length 
of it was present, or in the right hepatic duct. By 
means of the choledochotomy (Fig. 3, D) a No. 10 
soft rubber T-tube was placed in the ducts of one 
half of the animals, with one of the short limbs of 
the tube extending across the anastomosis. In the 
other half of the experimental animals, the T-tube 
was placed in the common bile duct with the lower 











































RUBBER TUBES IN COMMON-DUCT ANASTOMOSIS 












Right hepatic duct 







‘Left hepatic 


Cystic duct--.."*4 ly 
Accessory 
h¢patic duct- fy 


Fig. 1—Drawing show- 
ing the technique of occlu- 


sion of the common bile 
duct by ligation with poly- 
ethylene tubing at the first 
operation. 


Ligatior? como/leted 


limb at least one centimeter above the anastomosis, 
not in contact with the suture line. The T-tube 
was irrigated with saline solution to assure that 
no leakage was present at the anastomosis or at 
the choledochotomy before the abdomen was closed 
(Fig. 3, E). The long limb of the T-tube was 
brought out through a small separate incision in 
the upper abdomen and was attached to the skin. 
The T-tube was allowed to drain freely for five 
days. At this time the long arm of the tube was 
shortened and occluded, and the end was allowed 
to retract beneath the skin. Each animal was given 
300,000 units of penicillin daily for five days after 
each operation. 

The T-tubes were allowed to remain in place for 
various periods of time after anastomosis, i. e., three 
weeks, three months, and six months. They were 
removed by making a small incision over the 





previous wound site and applying gentle traction 


\ 
to the tube, which was usually attached to the Roa 
peritoneum in this region. If a well-developed tract 5 - A 
to the outside was not present, a small Penrose \ A > ae 
drain was placed down to the, region of the common ae ct P. 


bile duct. However, this was not necessary in most 

cases. Each animal was given 250 mg. of dehydro- - : ; ih 
Fig. 2—Drawing showing the degree of dilata- 

; : : Seas: tion of the common bile duct observed at the second 

after the second operation, until the time of killing, — operation. 


cholic acid (Decholin) daily, beginning one week 
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lig. 3 


of anastomosis of the common bile duct, 
bile duct, 
above the anastomosis (shaded) or across the 


a syringe through the rubber 


which was done 
the T-tube 


two months after the removal of 


in all animals. The liver, extrahepatic 


biliary system, and that portion of the duodenum 
containing the ampulla of Vater were removed en 
bloc. 


degree of dilatation of the extrahepatic biliary tree, 


Observations included gross inspection of the 


the thickness of the wall of the common bile duct, 


the status of the anastomosis and ligature sites, and 


the appearance of the liver. Longitudinal sections 


of the commen bile duct for microscopic examina 


tion were taken across the line of anastomosis i 


preparations for microscopic 
both 
and eosin stain and Masson's stain. 

blood 


before it 


two places. These 


examination were stained with hematoxylin 


\ specimen of 


was taken from each animal immediately 


was killed, for the determination of the 
serum bilirubin. Caleuli were found in the hepatic 
duct of two animals, and in one of these the calculi 
analyzed. 


were chemically 
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Diagrams illustrating (21) site of division of common bile duct, (2B and C) technique 
(17) method of inserting rubber T- 
and (/:) completed anastomosis of common bile duct showing rubber 
anastomosis (white area). 
T-tube in order to test the suture line. 


into common 
T-tube placed 
Fluid is injected from 


tube 


RESULTS 


study, 2 


this 
animals died from an overdose of anesthesia 


Qf the 25 dogs used in 


given for the second operation, before the 


operative procedure could be carried out, 


and were not included in the analysis of 
results. In the other 23 dogs the ‘l-tube 
was allowed to remain in place for three 


weeks in seven, for three months in eight, 


and for six months in eight (Table). 
\t autopsy the extrahepatic biliary trees 
of all dilated, the 


outside diameter of duct 


the dogs were slightly 
the common. bile 


heing usually about 7.5 mm. This was not 


nearly so great as the dilatation observed 


at the time of the second operation, how- 

















RUBBER TUBES IN) COMMON-DUCT 





sa 


e 
e 
ever, Which was sometimes as great as 
15 mm. The serum bilirubin was zero in 


every animal. The livers of all of the dogs 
appeared grossly normal, and no_ hepatic 
The the 


common bile duet was thickened in_ only 


abscesses were present. wall of 
one experiment. This occurred in an animal 
that died of acute gastric dilatation on the 


had 


heen in place for six months. It is interesting 


day of removal of the T-tube, which 


Location and Duration of Contact of Common-Bile 
Duct Anastomoses with Rubber Tubes 
Location of 'T-Tube 


In Contaet with 
Anastomosis, 


Above 
\nastomosis, 


‘Time o. Dogs No. Dogs 
P Weavvncvruccessuss 3 { 
SING. ccssescesesescss i 4 
GMO... ceceeeees ache i { 


to observe, however, that there was no nar- 
rowing either at the site of the ligature or 


at the anastomotic site in this animal. 


The wall of the common bile duct was 
not significantly thickened in any of the 
animals that lived for two months after 


removal of the tube. There was no narrowing 
at the ligature site in any of the animals, 
and in most cases the exact area of place- 
ment of this ligature could not even be 
determined. Narrowing of the duct at the 


suture line was observed in only one animal. 





ANASTOMOSIS 








Fig. 4. 
the liver and extrahepatic 
biliary ducts of one of the 
experimental animals. Ar- 
row points to site of anas- 


Photograph of 


tomosis. There is no stric- 
ture present. 


In this dog, in which the T-tube had been 
in place for three weeks in contact with 
the anastomosis, the narrowing was of the 
slightest degree and had not caused the duct 
above it to dilated the 
duet In the remaining animals 


hecome more than 
below it. 
of all groups, the mucosa was well healed. 
In most of the dogs the site of anastomosis 
could be distinguished only under a strong 
light as a fine line in the mucosa and was 
barely perceptible by palpation as a very 
slight thickening (Fig. +). A fine linear 
scar was also observed at the choledochotomy 
site in all animals. 

Three of the twenty-three animals died 
before the experiment had been completed, 
but they are included in the analysis of 
results. One dog in which the T-tube had 
been in place above the suture line for six 
months died of acute gastric dilatation on 
the day the tube was removed. The other 
two animals both had poorly developed tracts 


bile 


peritonitis following removal of the tubes, 


around the T-tube, and both died of 
despite drainage of the right upper quadrant 
of the abdomen. These two animals both had 
had tubes in place above the suture line for 
three months. 

Microscopic study of sections of the com- 
mon bile duct taken through the line of 
anastomosis revealed no significant differ- 
ences among the various groups. The mucosa 
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had healed over well and in most instances 
was slightly thickened in the region of the 
anastomosis (Fig. 5). The underlying scar 
was a fine one, and the area was essentially 
free of inflammation, even about the non- 
absorbable surgical (cotton) sutures, which 
could be seen in many of the sections. The 
the 


duct was essentially the same in all groups. 


thickness of wall of the common bile 
Healing appeared to be as complete in the 
group in which the T-tubes were in place 
for only three weeks as in the other groups. 

Additional findings consisted of the pres- 
ence of calculi in the extrahepatic biliary tree 
of two animals in the six-months group. One 
dog, whose T-tube was not in contact with 


the suture line in the common bile duct, had 


Fig. 6.—Photograph of 
two calculi, each 5 mm, 
in diameter, in the right 
hepatic duct of an animal 
whose T-tube was in place 
for six months. 
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Fig. 5. — Photomicro- 
graph showing a_longi- 
tudinal section across the 
line of anastomosis. Only 
a slight degree of thicken- 
ing is present, at the site 
of anastomosis (arrow). 


tiny calculi, about 1% mm. in size (about 
30 in number) throughout the entire extra- 
hepatic biliary system. In the other dog, 
whose tube was in contact with the suture 
line, two calculi, each 5 mm. in diameter, 
were found in the right hepatic duct im- 
mediately above the choledochotomy site 
(Fig. 6). There was no evidence of obstruc- 
tion of the biliary tree in either of these 
dogs. The chemical analysis of the two calculi 
latter that 
they were composed chiefly of calcium with 


found in the animal revealed 
a small amount of bilirubin and _ practically 


no cholesterol. 
SUMMARY 
The effect of rubber T-tubes on the healing 


of anastomoses of the bile 


duct 


common 
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RUBBER TUBES IN COMMON-DUCT ANASTOMOSIS 


was studied in 23 dogs. One week after 
cholecystectomy and occlusion of the distal 
end of the common bile duct, the occluding 
ligature was removed, the duct was tran- 
sected, and an end-to-end anastomosis of 
the common bile duct was made with inter- 
rupted fine nonabsorbable surgical (cotton) 
sutures. In one-half of the animals a rubber 
T-tube was placed in the duct with the 
lower limb of the tube across the anastomosis. 
In the other half of the experimental ani- 
mals the T-tube was placed in the common 
bile duct above the anastomosis, not in 
contact with the suture line. The animals 
were subdivided into three groups according 
to the time of removal of the T-tube, 1. e., 
at three weeks, three months, and six months 
after anastomosis. The animals were killed 
two months after removal of the T-tubes. 
Gross and microscopic observations of the 
biliary tract were made. Determinations of 
the serum bilirubin were made on the blood 
of all animals immediately before they were 
killed, 

None of the animals developed strictures 
at the site of ligation of the common bile 
duct. Only one dog developed a very slight 
narrowing at the suture line following surgi- 
cal division and anastomosis of the common 
bile duct, after the T-tube had been in place 
for three weeks. There was no significant 
inflammatory reaction, either grossly or 
microscopically, in any of these animals. 
The common bile duct was thickened in only 
one animal, which died on the day the T-tube 
was removed. Calculi were found in the 
extrahepatic biliary system of two dogs in 
which the T-tubes had remained in place 
for six months. After surgical division and 
anastomosis of the common bile duct, healing 
was complete in all groups of experimental 
animals. Thus, prolonged contact of an 
anastomosis of the common bile duct with 
a rubber tube does not appear to be associ- 
ated with an increase in the inflammatory 
reaction in and about the anastomosis or 
with an increase in the incidence of stricture 


of the duct. 


DISCUSSION 


Dr. HusHAnG JAvip, Chicago: I wish to thank 
you for this privilege, Mr. President. I enjoyed 
hearing this excellent paper. Being familiar with 
the work done at the University of Illinois by 
Drs. Harridge, Lary, and Scheibe, I should like 
to make these comments. Dr. Lary found that 10 
out of 12 dogs having proximal decompression 
developed stricture at the site of previous injury 
due to temporary ligation, though healing of the 
anastomotic site was satisfactory. In his experi- 
mental work Dr. Harridge concluded that prolonged 
biliary decompression proximal to an injured area 
of the common bile duct causes an increase in the 
incidence of stricture formation. He also pointed 
out that common ducts which had been in contact 
with a rubber tube over a long period of time 
showed fibrosis. The paper of Drs. Silen and 
McCorkle indicates that the stricture does not 
develop after prolonged decompression proximal to 
an anastomotic line. These findings, though some- 
what contradictory to those at the University of 
Illinois, are very interesting. 

Dr. H. GLrenn Bett, San Francisco: I don’t 
believe any of us realize the amount of work that 
goes into research of this sort in a laboratory by 
some of the young men on our staff. I have always 
wondered how long one should leave a tube in the 
common duct. It is interesting to me to see the 
lack of damage to a duct with a tube left in as 
long as six monthis. 

We all know that nature likes to get rid of a 
foreign body. On the other hand, I know one 
physician who is perfectly well, living in the Mid- 
west, who has had his common-duct tube in for 
a little more than six years. He had such a bad 
experience with his common-duct strictures during 
the service that he will not permit anyone to take 
the tube out. 

One of the things that bothers me a bit is a tube 
that is left in for any great length of time. When 
you take out that tube it is encrusted and looks 
like something that has been hanging in the salt 
water in Puget Sound for a long time. One wonders 
how many of those incrustations are left in the 
common duct and whether they subsequently might 
produce an obstruction. 

Dr. Witttam Siren, San Francisco: I should 
like to mention one thing which may be the reason 
for the difference between our results and those 
which were found at the University of Illinois. 

In one series of animals Dr. Harridge placed 
T-tubes in animals for seven days and got 20% 
strictures after the lower end of the duct had been 
ligated. In another group he kept the T-tube in 
place for 60 days, and there was a 40% incidence 
of stricture. However, bile was allowed to drain 
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freely to the outside through the long arm of the 
T-tube in both groups. 

He conducted another experiment in a series of 
animals, which I believe was a very critical one 
in that he occluded the long limb of the T-tube and 
allowed it to remain in place for a very prolonged 
period of time—much longer than in either of the 
strictures. 


-and there were no 


bile 


other two groups— 


Therefore, the dilatory effect of running 


through an anastomosis may be a very important 


jactor. 
I should like to thank the Association for the 
opportunity of presenting this paper. 
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Permanent diversion of the urinary stream 
is essential in the definitive treatment of 
many afflictions. These include diseases re- 
quiring total cystectomy, lesions causing uri- 
nary incontinence which cannot be treated by 
attacking the affected organ (e. g., myelo- 
meningocele), and diseases in which the 
bladder has become so altered it cannot func- 
tion in a manner that allows comfort for the 
patient (e. g., postradiation cystitis, severely 
contracted bladder ). 

The methods of urinary diversion com- 
monly used have left much to be desired. 
Ureterocutaneous anastomoses usually re- 
quire indwelling catheters for optimum drain- 
age of the renal pelves. Infection of the kid- 
neys is therefore frequent, and the organism 
is usually a urea-splitter, which causes the 
urine to become strongly alkaline. Since the 
solubility of calcium is thus decreased, calcitic 
concretions form upon the catheters and renal 
stones are therefore common. If catheters are 
not emploved, the ureterocutaneous stomas 
may become stenosed. 

Nephrostomy atfords more efficient drain- 
age of the renal pelves, because tubes of large 
caliber can be introduced. Satisfactory fune- 
tion is impaired, however, if the renal pelves 
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are so small that proper placement of the tip 


of the tube is diffiewi. Pyelonephritis almost 
always develops. 

Ureterosigmoidostomy has been widely 
employed, for it produces urinary continence. 
It does so, however, at great cost to the pa- 
tient. Reflux of fecal material up the ureters 
is to be expected because the pressure at the 
time of defecation may exceed 200 cm. of 
water. To circumvent this, some type of 
obstructed anastomosis seems essential.* 
However, such a procedure must cause uri- 
nary obstruction, which may result in hydro- 
nephrosis and pyelonephritis. 

Hyperchloremic acidosis, of a degree to 
cause definite symptoms, is seen in 40% of 
the patients.* lvidence suggests that the 
usual cause is reabsorption of electrolytes, 
particularly chlorides, by the bowel. This 
leads to a secondary acidosis which must be 
combatted by a diet low in chloride and by 
the administration of alkalies. If the acidosis 
is severe, an increase in blood urea nitrogen 
is to be expected. 

More recently, the employment of excluded 
bowel as a reservoir or conduit for urine has 
hecome popular. In 1894, using dogs, Mau- 
claire performed sigmoidostomy with closure 
of the distal loop and transplantation of the 
ureters into the isolated rectosigmoid. Kronig, 
in 1906, applied this operation in conjunction 
with hysterocystectomy in a woman suffering 
from sarcoma of the uterus. During the next 
30 years, 10 other surgeons reported similar 
cases.” More recently, Kinman and co- 
workers,> Melick and Naryka,'® Paull and 
Hodges,'* and G. |. Smith and Hinman Jr."® 
have reported on the usefulness of this tech- 
nique. Intrarectal pressure is low, and the 
rectal bladder remains relatively _ sterile. 
These factors protect the kidneys from hydro- 


a 


* References 3, 9, and 12. 





nephrosis and infection, Hyperchloremic aci- 
dosis has not been a problem. 

Verhoogen § in 1908 excluded the ileocecal 
region and established the continuity of the 
bowel by performing transverse coloileos- 
tomy. The ureters were anastomosed to the 
cecum, and the appendix was brought to the 
skin as an artificial “urethra.” 

Merricks and Gilchrist *' have reported 
favorably on a similar operation in which the 
ileocecal region is isolated, the ureters are 
transplanted to the cecum, and the distal 
ileum is brought to the skin so that periodic 
catheterization of the continent urinary reser- 
voir can be done. Renal function is well main- 
tained and hyperchloremic acidosis, if pres- 
ent, is of mild degree. 

Bricker * has popularized a technique in 
which an isolated loop of ileum is employed 
as a conduit for renal drainage. The ureters 
are anastomosed to the loop, the proximal 
end of the loop is closed, and the distal end 
is brought to the skin of the right lower quad- 
rant of the abdomen. Bricker’s experience 
and that of others ¢ indicates that the inci- 
dence of hydronephrosis and pyelonephritis 
is low. Electrolyte balance is maintained.' 

The Bricker procedure seems the soundest 
on theoretical The interluminal 
pressure is lower than that obtained with 
ureterosigmoidostomy or with the artificial 
bladders composed of rectum or cecum. An 
unobstructed ureteral anastomosis is there- 


grounds. 


fore feasible. Bacterial contamination should 
be minimal, for there is no “stagnation” of 
urine, as there is when a urinary reservoir 
is developed. The “free-flow” principle of 
this operation means that the kidneys do not 
suffer from back-pressure. Furthermore, the 
urine is not allowed to remain in contact with 
the bowel wall; electrolyte reabsorption is 
minimized. 

It was therefore decided to carry out an 
experimental and clinical evaluation of this 
procedure. 

METHOD OF STUDY 
Eleven adult mongrel dogs were used in the ex- 


periment. The animals were divided into three 


cane 


§ Verhoogen, cited by Hinman and Smith. 


+ References 6 and 15. 
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groups to compare ureterosigmoidostomy with ure- 
teroileostomy. The bacterial flora of the intestine 
was suppressed with 6 gm. of neomycin given 24 
hours preceding operation. The animals received 
400,000 units intramuscularly of penicillin for 14 
days postoperatively. Results of the blood electro- 
lyte studies carried out during both the preoperative 
and postoperative periods are shown in the Table. 
No appreciable changes were observed in the levels 
of sodium and potassium. Our postoperative studies 
agree with those of Boyce,! who found that after 
vesicosigmoidal anastomosis in dogs, an immediate 
and marked hyperchloreriic acidosis developed. He 
observed that it took from three to five weeks for 
the acidosis to diminish and reach a plateau. In our 
animals acidosis levelled off in one to three weeks. 
The dogs were killed when they became moribund 
or when the survival period exceeded approximately 
60 days. Gross and microscopic pathologic examina- 
tions were made of the kidneys, ureters, and uretero- 
intestinal anastomoses. 


Preoperative and Postoperative Values of Serum 
Electrolytes in the Dogs 





Serum Electrolyte 
Values in 
Milliequivalents 


— = nellece cama ~ 
Cl COe Na kK 
Preoperative, 11 dogs............+ 112 20 151 41.5 
GEGGD J, 5 GOGtikisscvessvecsvens 120 14 1538 4.0 
BS rine densitnscvcedess 122 10.7 150 4A 
Groep BA, BS GaGBeecercsccsceveres 117 15 150 5.0 
Croup GE, & GOR 66 ccs cccsscves 117 16 153 4.3 


Note that the levels of sodium and potassium showed 
no significant deviation. Boyce! found the preoperative 
average values for Cl to be 95.7 mEq/L.; for COs, 
22 mEq/L. in his dogs. 


1.—Bilateral 
performed in three dogs. The anastomosis followed 


Groupe ureterosigmoidostomy was 


the technique of Goodwin, in which the uretero- 
vesical sphincter was preserved by anastomosing a 
small button of bladder surrounding the ureteral 
orifice to the sigmoid colon. 


Results —The animals, all of which were 
in a moribund condition, were killed on the 
35th, 21st, and 10th postoperative days, re- 
spectively. Blood electrolyte studies revealed 
hyperchloremic acidosis in all cases (Table). 
Pathologic examination demonstrated exten- 
sive pyelonephritis without stenosis of the 
(Fig. 1), 
hydronephrosis was present in three of the 


ureterosigmoid stomas though 


six kidneys. 
Grour 2.—Left ureterosigmoidostomy and right 
ureteroileostomy were carried out in three dogs 


(igure 2). The left ureterosigmoidostomy was 
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Fig. 1. (Group 1).—Typical photomicrograph of kidneys drained by ureterosigmoidostomy. 

Both show the infiltration typical of infection. 
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Right ureter 


Hig. 2. (Group 2).— transplanted 
Method of left ureterosig- into a portion of | 
: moidostomy and right ure- ileum 
teral transplant into iso- | 
lated loop of ileum in dogs. 
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Fig. 3. (Group 2).—Typical photomicrographs of kidneys. 1, right kidney (ureteroileostomy ) 
normal. B, left kidney (ureterosigmoidostomy) shows multiple cortical abscesses. 


done as in Group 1. For the right ureteroileal anas- 
tomosis, 6 to 8 cm. of terminal ileum was developed 
as an isoperistaltic Thiry fistula. The right ureter 
was anastomosed to the proximal third of this 
intestinal segment, using the mucosa-to-mucosa 
technique, as described by Nesbit.'* 

Results—The animals were killed on the 
101 st, 60th, and 39th postoperative days, re- 
spectively. All were in a moribund condition, 
The electrolyte studies revealed hyperchlo- 
remic acidosis slightly severer than that seen 
in Group 1 (Table). Examination showed no 
stenosis of the anastomoses, but microscopic 
study demonstrated evidence of severe pyelo- 
nephritis of the left kidneys. Two of the three 
left kidneys were hydronephrotic. The right 
kidneys and ureters were essentially normal 
(Fig. 3). 

Group 3A.—Bilateral ureteroileostomy was car- 
ried out in three dogs. Both ureters were anasto- 
mosed to one isoperistaltic ileal segment, as de- 
scribed for the right ureteroileostomy in Group 2. 
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Results —These animals were killed on the 
70th, 64th, and 51st postoperative days, re- 


spectively. All were in fair condition. Because 


Fig. 4—Photograph of anatomic specimen. Note 
the ulceration and loss of rugal folds of the mucosa 
of the proximal end of the ileum. 
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URETEROILEOSTOMY 


of an early severe hyperchloremic acidosis 
(Table), these dogs had been maintained on 
alkaline medication, given intravenously at 
first, then oraily. It was then observed that 
these animals were reingesting urine by lick- 
ing their ileostomies. This suggested the con- 
trol study of Group 3B. 

Two of the six kidneys showed mild hydro- 
nephrosis due to kinking of a redundant ileal 
segment distal to the ureteroileal anastomosis. 
The mucosa of the proximal segment of 





Results —These animals were killed on the 
38th and 24th postoperative days, respec- 
tively. Both were in good condition. Moder- 
ate hyperchloremic acidosis, similar to that 
observed in the animals of Group 3A, was 


noted (Table). The degree of acidosis was, 
therefore, affected in some measure by the 
use of the restricting collar. The kidneys and 
ureters were normal, 

This experimental study emphasized the 
value of separating the urinary tract from the 





Fig. 5. (Group 3).—Typical photomicrograph of kidneys drained by free-flow Bricker pro- 


cedure. They are normal histologically. 


ileum, in which the urine was pooled, mani- 
fested minimal distention, loss of rugal folds, 
and superficial ulceration (Fig. 4+). Micro- 
scopic examination and cultures of the renal 
urine revealed no evidence of infection of 
the kidneys (Fig. 5). 

Group 3B.—Bilateral ureteroileostomy was per- 
formed in two dogs, as in Group 3A. Large card- 
board collars were used periodically to prevent the 


animals from ingesting urine from their ileostomies. 
They received no electrolyte therapy. 


fecal stream; there was little or no gross or 
microscopic evidence of injury to the kidneys. 
However, hyperchloremic acidosis was not 
prevented, though judged by laboratory and 
clinical evidence it was milder than that seen 
with ureterosigmoidostomy. The three ani- 
mals of Group 3A, though their kidneys were 
normal histologically, had blood urea nitrogen 
levels of 35, 46, and 55 mg. per 100 cc., 
respectively, undoubtedly due to electrolyte 
imbalance. 
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CLINICAL EVALUATION 

Treatment was based on an operative pro- 
cedure that would completely divert the urine 
from the fecal stream and fulfill the principles 
vf a “free-flow”? system. It was determined 
that this could best be achieved with a ure- 
teroileostomy in which the ileal segment was 
isoperistaltic and as short and direct as pos- 
sible and by using Nesbit’s elliptical mucosa- 
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The ileostomy was 


to-mucosa_ technique. 
designed to prevent subsequent stenosis of 
the stoma and to allow immediate application 
of a plastic bag to the skin. 

Seven patients were subjected to this pro- 
cedure. Four had advanced cancer of the 
bladder, and one suffered from a vesicovagi- 
nal fistula caused by cancer of the cervix. 
One girl of 6 years and a boy of 3 years had 
rectal and urinary incontinence secondary to 
myelomeningocele. 


920 








A. M. A. ARCHIVES OF 





SURGERY 


Operative Procedure.—The abdomen was entered 
through a transverse incision 1 cm, below the um- 
bilicus, transecting both recti muscles. A 12 to 18 
cm. segment of terminal ileum, approximately 10 cm. 
from the ileocecal valve, was sectioned, and intesti- 
nal continuity was reestablished by end-to-end anas- 
tomosis (Fig. 6). The proximal end of the ileal 
segment was closed. The left and right ureters were 
mobilized at the brim of the pelvis and sectioned. 
The ureters were anastomosed to the proximal por- 


tion of the segment of ileum. Care was taken to 





Fig. 6.—Method of ure- 
teral transplant into an 
isolated ileal segment in 
the human. 


Ureters trans- 
planted into the 
portion 
transplanted ileum 


bring the segment of ileum to the ureters so that 
they rested comfortably in their retroperitoneal 
positions without tension or kinking. The distal por- 
tion of the ileal segment was brought  transperi- 
toneally through a separate opening on the domed 
surface of the right lower quadrant of the abdomen. 
(Fig. 7) by 
excising a circle of skin and subcutaneous tissue 
measuring 2 cm. in diameter. The external oblique 
fascia was cross cut, and the corners were excised. 


This ileostomy opening was made 


The abdominal muscles were separated in the direc- 
tion of their fibers, and the peritoneum was incised. 
The ileum was fixed to the fascia with a few inter- 
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Incision in 
skin 
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Incision in 
fascia 


catgut 


AandB suture 


placed 


rupted fine nonabsorbable surgical (cotton) sutures. 
The lip of the ileostomy was everted and approxi- 
mated to the skin edges. The abdominal wound was 
closed in layers, with interrupted sutures of No. 32 
Stainless Steel wire, with the exception of the skin 
edges, which were approximated with a subcuticular 
No. 28 Stainless Steel wire pull-out suture. A plastic 
bag with a small opening for the ileostomy was 
glued to the skin, and a mushroom catheter was 
used to facilitate the immediate drainage of the 
urine (Fig. 8). After the fifth postoperative day, 
the plastic bag was removed and a Davol ileostomy 
bag was glued in place and further supported with 
a belt. 

Results —There were no operative deaths 
in this group. Complications occurring dur- 
ing the early postoperative period included 
one case each of transient unilateral hydro- 
nephrosis, clinical unilateral pyelonephritis, 
and transient partial bowel obstruction. 

Subsequently, prolapse of a portion of the 


ileal loop which required local resection oc- 


Suture of 5-0 





Suture of 5-O catgut 
(KX 








ures Fig. 7—Method oi pre- 
paring the stoma. The 
tract through the abdomi- 
nal wall is prepared to 
prevent obstruction to 
drainage. The bowel is 
sutured to the fascia. The 
stoma is fashioned into 
a cuff which allows im- 
mediate application of a 
plastic bag without the 
need for temporary in- 
dwelling catheter, which 
can only introduce infec- 
tion into the ileum. 


curred in one case and mild asymptomatic 
hyperchloremic acidosis (CO, 22.8 mEq./L, 
Cl 113.5 mEq./L.) in another. None of the 

Fig. 8—Photograph of plastic bag which is im- 


mediately glued to the skin. It is drained by a 
catheter. 











Fig. 9—Intravenous urogram taken two months 


after operation. Girl, 6 years of age. The kidneys 


are normal. 


other patients showed significant electrolyte 
changes. 

Three patients died from 3 to 11 months 
after operation. In each instance death was 
caused by cancer. 

COMMENT 

The experimental and clinical 

study suggests that the free-flow principle 


present 


is superior to that of ureterosigmoidostomy. 

Intravenous pyelograms taken two to three 
months after operation in the human subjects 
have demonstrated normal kidneys and ure- 
ters (Fig. 9). Symptoms of pyelonephritis 
have not occurred, except in the patient who 
developed herniation and strangulation of the 
ileal stoma. This obstructive lesion caused 
renal back-pressure through the patent ileal 
stomas, resulting in temporary hydronephro- 
sis and renal infection. These changes re- 
solved after resection of the distal end of the 
ileal loop ( Hig. 10). 

The shortest possible ileal segment should 
be utilized. Redundancy may lead to kinking 
of the bowel, with partial obstruction, stag- 
nation of urine in its proximal portion, and 
ulceration of The shorter the 
loop, the less surface is presented for absorp- 


the mucosa. 


tion of electrolytes. 
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The ileal segment is not merely a passive 
conduit. It peristalsis 
which contributes to prompt emptying. This 


has been demonstrated by cineradiography 


undergoes normal 


by Miller and Hinman Jr.t Catheterization 
of the ileum reveals no residual urine. Thus, 
not only is the common cause for infection 
absent but the urine does not remain in con- 
tact with the bowel. Absorption of electro- 
lytes has not, therefore, presented a problem 
in the human subject, though it did in the 
experimental animal (Table). 

The patients, fortunately, have accepted 
the “wet” ileostomy without complaint. The 
collecting apparatus remains watertight from 
three to seven days, and no odor is evident. 


CONCLUSIONS 


This limited clinical evaluation and the 
experience of others indicate that the Bricker 
operation is an acceptable method of urinary 
diversion. The operative mortality and mor- 
bidity are low, and renal function remains 
unaltered in most cases. It affords the pa- 
tient comfort and prolongation of life. 
eudeialaliaaainisean 


t Miller, FE. R., Hinman, F., Jr., 


communication to the authors. 


and personal 


Fig. 10.—Intravenous urogram and_ ileogram 
taken two weeks after resection of prolapsed and 
strangulated ileum in a boy 3 years old. The kidneys 
are normal. 



































URETEROILEOSTOMY 


SUMMARY 


A comparative study of ureterosigmoidos- 
tomy and the Bricker operation was made in 
dogs. Ureterosigmoidostomy was usually ac- 
companied by pyelonephritis and hydrone- 
phrosis. On the other hand, the kidneys 
drained by the free-flow ileal loop showed 
no pathologic changes. Hyperchloremic aci- 
dosis was a constant finding with both pro- 
cedures, though it was milder in the latter 
group. 

Seven patients were subjected to the 
Bricker operation. Postoperative intravenous 
pyelograms demonstrated that the kidneys 
and ureters were normal in structure and 
function. Hyperchloremic acidosis was not 
a problem. 

DISCUSSION 

Dr. OLE J. JENSEN Jr., Seattle: Dr. Smith has 
presented a beautiful piece of experimental work 
demonstrating the disadvantages of ureterosigmoid- 
ostomy as well as the advantages of the transplanta- 
tion of the ureters to an isolated segment of ileum. 
This operation was originally performed by Dr. 
Heinz Haffner, of St. Louis, and has since become 
popularized by Dr. Bricker. 

Dr. Smith has demonstrated very clearly the 
importance of a short loop of ileum in addition to 
the fact that the ileum acts as a conduit in which 
the urine does not pool and in which there is a very 
small amount of residual urine. 

Our experience has been limited to three cases. 
Two of them I should like to present very briefly. 
The third case we lost because of multiple compli- 
cations. 

[Slide] This is a case with a myelomeningocele, 
with complete and total incontinence of both urine 
and feces. It will be noted that there is considerable 
dilatation of the ureters and the kidneys. 

[Slide] This is a postoperative ileogram in which 
the dye has refluxed up the ureters, but you will 
notice the considerable decrease in the hydronephro- 
sis and hydroureter. 

[Slide] Our second case also had considerable 
ureteral and renal dilatation. This case had an 
elevated blood urea nitrogen. Both these patients 
had considerable urinary-tract infection which had 
originally been controlled by the various urinary 
antiseptics but finally had become resistant to all. 

[Slide] Following the transplant there is again 
considerable decrease in hydronephrosis and hydro- 
ureter. Furthermore, these*patients have shown no 
evidence of hyperchloremic acidosis. 


The general improvement in these patients has 


been rather striking. They have both gained weight 





and have been able to play with other children and 


have not been the rather smelly mess that they were 
before surgery. The bowels have been controlled 
by constipating diets and a daily enema. 

Cordonnier has used the ileal segment in cases of 
carcinoma of the urinary bladder in about 19 cases 
and has reported excellent results. 

I have not had the occasion to use this procedure 
in adults and originally used this procedure only 
when there was damage to the upper tract. How- 
ever, in view of Dr. Smith’s presentation and the 
experience of others this procedure should have a 
wider application. 

I should like to congratulate Dr. Smith and his 
co-workers not only for an excellent experimental 
study but for an important contribution to our 
knowledge of urinary diversion. 

Dr. Donatp R. Sitn, San Francisco: I wish to 
thank Dr. Jensen for his kind remarks. I believe 
he showed very graphic evidence that even hydro- 
nephrosis may respond when a free-flow principle, 
allowing rapid and easy drainage, is used. 
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Results of an Experimental Study 


JOHN R. PETTET, M.D. 

EDWARD S. JUDD, M.D. 

and 

LEWIS B. WOOLNER, M.D., Rochester, Minn. 


The use of an omental graft to prevent 
leakage from the site of an intestinal anasto- 
mosis was first advocated by Nicholas Senn. ' 
He found that such grafts became firmly ad- 
herent to the intestine within 12 to 18 hours 
and were freely supplied with blood vessels 
within 18 to 48 hours. Since then others have 
reported the use of free or pedicled omental 
grafts in intestinal anastomoses,* perforations 
of the gastrointestinal tract, and esophageal 


anastomoses,t and as a means of covering 
denuded peritoneal surfaces.$ Our interest in 
the use of free grafts of omentum stemmed 
from these reported studies. In particular, 
we wished to learn whether free grafts of 
omentum survived when they were placed 
about anastomoses of rectum and colon. Ii 
such grafts survived, it was thought they 
might help the surgeon to make a more se- 

Read at the 63d Annual Meeting of the Western 
Surgical Association, Seattle, Dec. 2, 1955. 

Fellow in Surgery (Dr. Pettet), Mayo Founda- 
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cure anastomosis after the performance of a 
“low anterior resection” of the rectosigmoid, 
an anastomosis in which serosa-to-serosa ap- 
proximation cannot be accomplished because 
of the absence of a serosal coat on the distal 
segment. 
PURPOSE OF STUDY 

This study was undertaken, therefore, to 
determine (1) the biologic fate of free omental 
grafts when such grafts were placed around 
the suture line of an end-to-end anastomosis 
of the colon; (2) if the graft suffered the 
same fate whether the anastomosis was left 
in the intraperitoneal position or placed be- 
hind the peritoneum; (3) the degree of pro- 
tection against leakage which such grafts 
might be expected to afford, and (+) what 
contraindications, such as formation of adhe- 
sions and stenosis of the site of anastomosis, 


might ensue. 


MATERIAL AND METHODS 


Twelve healthy mongrel dogs, ranging in weight 
from 12 to 18 kg., were divided into two groups of 
six each and used in these experiments. No attempt 
was made to eliminate pathogenic bacteria from the 
bowel by the administration of chemotherapeutic or 
antibiotic agents. The only preparation was that of 
withholding food for 24 hours prior to operation. 

In order to determine the viability of free omental 
grafts, six dogs (Group 1, Table 1) were operated 
on and a free omental graft was placed about the 
intact colon just proximal to the inferior mesenteric 
artery. After three to four weeks, a portion of colon, 
which included the graft, was resected and an intra- 
peritoneal end-to-end anastomosis reinforced by a 
free omental graft was established. Three of these 
dogs were subjected to proctoscopic examination 
the day before the second operation in order to 
determine whether any change was evident in the 
lumen of the colon. All six dogs survived the first 
operation, but one dog died of peritonitis five days 
after the second operation (Table 2). Of the re- 
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TABLE 1.—Omental Graft Applied to Intact Colon 
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Time, 
Animal Wk Gross Examination Microscopic Examination 
1 3 No evidence of graft Graft not visible; thick layer of cellular 
fibrous tissue on serosa with inflamma- 
tory reaction in fat 
2 3 Fair survival of graft with Thick layer of inflammatory reaction in 
moderate adhesion formation fat with cellular fibrous tissue on serosa; 
foreign-body reaction 
3 3 Good survival of graft with adhe- Thick layer of inflammatory reaction in 
sions to left Fallopian tube and fat with cellular fibrous tissue on serosa; 
broad ligament foreign-body reaction 
4 4 Good survival of graft with adhe- Narrow layer of fat and vascular fibrous 
sions to bladder and greater tissue on serosa 
omentum 
5 4 Fair survival of graft with adhe- Inflammatory reaction in fat with outer 
sions to parietal peritoneum and layer of fibrous tissue 
greater omentum 
6 $ Fair survival of graft with adhe- Marked thickening of serosa and covering 
sions to the greater omentum of very vascular fibrous tissue 


maining five dogs, two were anesthetized and killed 
three weeks after the second operation; one, five 
months after the second operation, and two, six 
months after this operation. 

In order that we might study the fate of free 
omental grafts placed in an extraperitoneal position, 
the other six dogs (Group 2) were subjected to re- 
section of the colon and application of a free omental 
grait to the site of anastomosis; this portion of 
bowel was so placed that it lay between the internal 
and external oblique muscles. One of these animals 
died of peritonitis four 
(Table 3). 


thetized and killed five months after operation. 


days after operation 


The remaining five dogs were anes- 


RESULTS 

Intact Colon—The findings at laparotomy 
three to four weeks aiter the application of a 
free omental graft to the intact colon of dogs 
Moderate- 
to-good survival of the graft was evident in 


in Group 1 are shown in Table 1. 


five of the six dogs, but in one the graft had 
largely disappeared, In the five dogs in which 
the graft was evident on macroscopic exami- 
nation, a striking number of adhesions had 
occurred between the greater omentum and 
the graft and, in one instance, between the 


None of 
the animals showed evidence of narrowing 


left broad ligament and the graft. 


of the colon at the site of the graft either on 
proctoscopic examination or at laparotomy. 
Microscopic examination revealed survival 
of the graft in five dogs in Group 1. The iat 
cells of the graft appeared to be normal, and 
there was considerable infiltration of the graft 
by cellular fibrous tissue. The grafts were 
very vascular, and groups of foreign-body 
giant cells were found around the suture ma- 
terial. The grafts were closely adherent to 
the wall of the bowel. In two specimens the 
graft was covered by a layer of dense fibrous 
connective tissue which represented adhe- 
sions between the graft and other intraperi- 
toneal structures. 
Intraperitoneal Anastomosis —The © six 
dogs in Group 1 subjected to resection of the 
colon and end-to-end anastomosis (in an 
intraperitoneal position), in which the site 
of anastomosis was covered with a free omen- 
tal graft, were examined at necropsy five 
days to six months after operation. The find- 


TABLE 2.—I/ntraperitoneal Resection and Free Omental Graft 
Animal Time Gross Examination Microscopie Examination 
1 3 wk. Good survival of graft with Thiek layer of cellular fibrous tissue on 
many adhesions serosa almost completely replacing fat 
. 5 days Graft intact, no adhesions; Fat infaretion with marked inflamma- 
colon necrotic tion 
3 wk. Good survival of graft with Vascular omentum with marked fibrosis 
many dense adhesions 
H 6 mo Fair survival of graft with Small amount of fibrotic omental tissue 
many adhesions with thick-walled blood vessels 
5 6 mo. Very little graft left; few ad- Thin layer of fibrous tissue and a little 
hesions fat 
6 5 mo. No trace of graft seen; many Thin layer of fibrous and fatty tissue 


adhesions 
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ings are shown in Table 2. In the dog that 
died of peritonitis on the fifth postoperative 
day, the gangrene of the bowel appeared to 
be due to an inadequate supply of blood to 
the distal segment of colon. The graft was 
intact, and the site of perforation of the colon 
was distal to the area covered by the graft. 
Adhesions in this dog were insignificant. The 
dogs which were examined at three weeks 
showed good survival of the graft and no 
evidence of stenosis of the colon, but many 


vascular adhesions between the graft and 


other intraperitoneal structures were present 












Fig. 2.—Replacement of 


omental graft by dense 





months 


a 
eae 
; se me 


fibrosis at six 





ard 
3. 


(hematoxylin and eosin; 


200). 


~* 


Z fhe 


iy 


a 


INTESTINAL 


4, 








ANASTOMOSIS 


-Fibrosis and in- 
reaction in- 
volving graft and serosal 
fat at three weeks (hema- 
x 100). 


Fig. 1.- 
flammatory 


toxylin and eosin ; 


In the dogs examined after five to 


(Fig. 1). 
six months, there was little gross evidence of 


the omental graft in two dogs and no gross 
evidence of the graft in one (Fig. 2). Dense 
adhesions were present in two of these dogs. 

Microscopic examination of the specimen 
from the dog which died on the fifth post- 
operative day showed necrosis of the wall of 
the bowel and the omental graft. In the two 
specimens removed three weeks after opera- 
tion, the grafts were indistinguishable. The 
specimens removed aiter six months showed 
no evidence of the graft, except for a narrow 
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band of fibrous tissue on the serosal surface 
of the colon covering the site of the anasto- 
mosis. 


Extraperitoneal Anastomosis —Yable 3 
shows the findings in the six dogs in Group 
2 in which resection was carried out and the 
end-to-end anastomosis reinforced with a 
free omental graft, the whole portion then 
being placed in an extraperitoneal position. 
One dog died on the fourth postoperative day 
because of perforation of the colon at the 
site of anastomosis. The portion of the colon 
distal to the anastomosis was gangrenous, 
but the proximal segment was viable. The 
omental graft could not be identified on gross 
examination. 


TABLE 3. 
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COMMENT 

[t was found in this study that in dogs free 
omental grafts applied to the colon survived 
in all instances for a period of three to four 
weeks, provided massive infection did not 
supervene. The grafts became very adherent 
to the serosal surface of the colon, and micro- 
scopic examination showed them to be infil- 
trated by cellular connective tissue and num- 
erous blood vessels. In the majority of dogs 
the graft was completely replaced by fibrous 
tissue within six months, but in some animals 
the graft had disappeared completely by that 
time. 

Because of the marked adherence of the 


graft to the serosa, it appeared that the graft 


Extraperitoneal Resection and Free Omental Graft 


Animal Time Gross Examination Microseopie Examination 

7 5 mo Graft not identified; densely Very vascular fibrotic layer covering 
adherent to adjacent tissue serosa 

8 4 days Colon necrotic; graft intact Infaretion; thrombi in vessels 

9 5 mo Graft not identified; colon Mueh fat and filmy fibrin strands 
densely adherent to _— sur- 
rounding tissue 

10 5 mo. Gratt not identified: colon No trace of omental graft 
densely adherent to sur- 
rounding tissue 

11 > mo Colon necrotie due to strangu Thin layer of fibrous tissue on serosa 
lated obstruction at point 
where colon was brought out 
through the peritoneum 

12 5 mo. Graft not identified; eolon Marked fibrosis 
densely adherent to sur- 


rounding tissue 


The remaining five dogs were anesthetized 
and killed five months after operation. In all 
animals the portion of the colon which had 
been extraperitonealized was densely adher- 
ent to the surrounding tissue, and in only two 
dogs could the omental graft be identified on 
gross examination. 

Stenosis was not evident at the site of anas- 
tomosis in any instance. 

Microscopic examination showed complete 
necrosis of the wall of the bowel and omental 
graft in the dog which died on the fourth post- 
operative day. In the specimens removed 
after five months, three showed a thick laver 
of fibrous tissue adherent to the serosa at the 
site of anastomosis and in the other two dogs 
the graft could not be identified. 
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attorded some protection against minor de- 
grees of leakage at the site of anastomosis, but 
it was found that the graft would not survive 
massive contamination. In no instance did 
the graft cause any significant degree of sten- 
osis of the colon, but there was found to be 
a marked tendency toward the formation of 
adhesions between the graft and adjacent tis- 
sue. The vascularity of these adhesions leads 
to the assumption that they may play a large 
part in the vascularization and survival of the 
graft. Since this tendency to formation of 
adhesions would not be a disadvantage in 
circumstances in which the graft was in an 
extraperitoneal position, such grafts might 
be of value in reinforcing extraperitoneal 
anastomoses, as in an anterior resection of 
the rectosigmoid, where the peritoneal floor 
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may be reconstructed above the anastomosis. 
The formation of adhesions does constitute 
an obvious disadvantage when the graft is 
used in an intraperitoneal location, and this 
is sufficient to contraindicate its use in an 
intraperitoneal anastomosis of the bowel. 


CONCLUSIONS 

In dogs free omental grafts applied to the 
colon will survive in the majority of cases 
for periods ranging up to six months if the 
grafts are not exposed to massive contami- 
nation. Grafts which do survive become re- 
placed by fibrous connective tissue and are 
firmly adherent to the serosa of the colon. 
Free omental grafts appear to offer some de- 
gree of reinforcement and protection against 
minor leakage in end-to-end anastomosis of 
the colon. They do not cause stenosis of the 
colon, and there is marked formation of ad- 
hesions between the graft and adjacent tis- 
sues, 

Free omental grafts should not be used for 
the reinforcement of intestinal anastomoses 
within the peritoneal cavity because of the 
danger of intestinal obstruction from intra- 
peritoneal adhesions, but they may be of some 


value in extraperitoneal anastomoses. 


DISCUSSION 

Dr. FrepericKk W. Taytor, Indianapolis: Did 
histological sections show any actual survival of 
the graft? The sections shown here had inflam- 
matory scar tissue without any evidence of survival. 
The inflammatory reaction shown in the slide of 
the bowel might have been caused by any irritant 

even dead omental fat. 

Dr. Harotp LaurMan, Chicago: I think this 
is a very interesting piece of work. A number of 
years ago, we reported (Laufman, H., and Method, 
H.: Effects of Absolvable Foreign Substance on 
Bowel Anastomosis, Surg. Gynec. & Obst. 86:669 
673, 1948) the placement of absorbable gelatin 
sponge (Gelfoam) around an anastomosis and found 
that when a dog’s intestine had been transected and 
the anastomosis was surrounded with absorbable 
gelatin sponge we had a much higher percentage 
of leaks than we had when no absorbable gelatin 
sponge was used. That tied in very well with the 
well-known principle that the least amount of 


foreign material that is used in and about an 


anastomosis the better. 


INTESTINAL 








ANASTOMOSIS 


I am a little concerned about the suggestion to 
use free omentum down in the pelvis, where one 
hesitates to leave a devitalized structure. We know 
that the blood supply to both ends of the intestine 
being anastomosed, especially in the pelvis, is of 
vital importance. Now, if one is to surround such 
an anastomosis with another devitalized piece of 
tissue, I believe one is asking for trouble. 

I have a feeling that transplantation of free 
omentum has severe limitations at the very site 
where it seems to work best experimentally. 

Dr. Gorpon F. Mappinc, San Mateo, Calif. : 
Approximately a year ago Dr. Masters and his 
group at Durham presented their work on the use 
of free split-skin grafts in the control of hemorrhage 
from the liver. Their cases were complicated in 
some instances by cyst formation at the edge of the 
grafts where they were sutured to the liver, but the 
skin grafts were effective as an agent in controlling 
liver hemorrhage. 

In view of this work it occurred to me that 
perhaps there was something more readily available 
in the peritoneal cavity for the patient who had a 
bleeding liver, and, accordingly, at Stanford this 
year Dr. W. H. Peniston and I carried out a series 
of animal experiments using free omental and peri- 
toneal grafts for liver hemostasis. After removing 
approximately one-third to one-half of the liver 
lobe (whichever lobe presented itself on opening 
the abdomen of the animal), we placed a free 
omental graft over the raw liver surface and placed 
nonabsorbable surgical (silk) running sutures about 
the edge. No further effort to control hemorrhage 
from the liver was made. Omentum was not totally 
effective as a hemostatic agent in the dog, for this 
omentum is rather porous, and it was necessary to 
fold it upon itself before satisfactory hemostasis 
could be provided. We next used free mesothelial 
grafts for our experiments. Parietal peritoneal 
grafts were taken from a variety of areas through- 
out the peritoneal cavity, i. e., from the diaphragm, 
anterior peritoneal wall, and lateral peritoneal wall. 
After a partial hepatic lobectomy, these grafts were 
applied to the raw liver surface in a manner 
described above. Peritoneum when used for liver 
hemorrhage was found to be effective and without 
complication. 

A study, both experimental and clinical, is now 
in progress in which we are using free peritoneal 
grafts in an effort to seal otherwise poorly closed 
duodenal stumps following gastric resection. It is 
of course difficult to evaluate the effectiveness of 
such grafts when used for this purpose, for duodenal 
blowouts occur when not anticipated and on occa- 
sions do not occur when they might be expected. 

It is possible that free peritoneal grafts would be 
more effective when applied to intestinal anasto- 
moses (as carried out by Drs. Pettet and Judd) than 
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omentum, for peritoneum, is less porous, a factor 
which we believe to be important when applying 
such free grafts. The mechanism by which hemor- 
rhage is controlled when free mesothelial grafts are 
used is not known. It may serve only as a supporting 
mechanism for the clots which form in the normal 
course of blood coagulation and spontaneous hemo- 
stasis. That the graft serves as a potentiating factor 
in clot formation can only be surmised. Not only do 
free mesothelial grafts perform a hemostatic func- 
tion but also when they are used for covering raw 
surfaces of the liver or intestine more optimum 
conditions are provided for permanent healing. The 
tissue fluids and exudate are held in proximity to the 
injured or sutured area, thus enhancing the speed 
of fibrin deposition, which in turn is transformed 
into fibrous tissue. 

Petret, Rochester, Minn.: I 
should like to thank the discussants for their re- 


Dr. JoHN R. 


marks. 

In reply to the question as to how we knew that 
this was the graft which was present and not merely 
adhesions, may I say that the slides do not show this, 
but we took section on the colon further away from 
the anastomosis in an area not covered by omentum 
and this same tissue did not appear in that location. 

Also, only three of the five animals showed the 
tissue, as shown on the slide; in the other two it 
had been completely absorbed and there was no 
evidence of the graft. 
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iui Hemorrhagic P ancreatitis Following 
Bilkary-Tract Surgical Poecnlheon 


WILLIS G. DIFFENBAUGH, M.D. 
and 
E. LEE STROHL, M.D., Chicago 


In 1901, Opie! described acute hemor- 
rhagic and necrotizing pancreatitis. He ob- 
served a stone impacted in the ampulla of 
Vater at autopsy in a case of acute hemor- 
rhagic pancreatitis. The pancreatic duct was 
bile-stained. He demonstrated that, with 
pressure on the gall bladder, bile could be 
forced into the duct of Wirsung. He postu- 
lated the common-channel theory as a cause 
of the disease. His thesis was based upon 
observations made in 100 human bile- and 
pancreatic-duct dissections. He found that 
reflux from the bile duct into the pancreatic 
duct was possible in 30% of cases, when a 
stone obstructed the termination of the ducts. 

Prior to Opie’s report, Claude Bernard ° 
had demonstrated that bile and olive oil in- 
jected up the pancreatic ducts of experi- 
mental animals produced acute pancreatitis. 

Later reports of Opie,* in 1903, started a 
wave of experimental and clinical investiga- 
tions into the possibility of bile reflux as a 
cause of acute pancreatitis.* 

Common-bile-duct stones, producing jaun- 
dice, were described by Michael Ettmiller 7 
in 1708. The common bile duct was first 


Read at the 63d Annual Meeting of the Western 
Surgical Association, Seattle, Dec. 2, 1955. 

From the Departments of Surgery, St. Luke’s 
Hospital, University of Illinois College of Medicine 
and Northwestern University Medical School. 

* References 4-25. 

7 Ettmiiller, M., cited by Walters, W., and 
Snell, A. M.26 





explored by Marcy,t of England, in 1882. 
‘Transduodenal approach for ampullary stones 
was carried out by McBurney ** in 1891. In 
1911, at the Kansas City, Mo., meeting of the 
Western Surgical Association, McArthur *° 
presented the two-catheter method of drain- 
age of the common bile duct. He reported 
passing a 6 to 10 F. catheter down through 
the distal common duct and papilla into the 
duodenum, for the administration of fluids, 
bile, and nourishment (Fig. 1). Before the 
days of safe parenteral fluid therapy, this 
method had a great advantage for the much 
needed administration of fluids and nourish- 
ment. For many years surgeons on the serv- 
ice of McArthur used this two-catheter 
method following common-bile-duct explora- 


a 


~ Marcy, cited by Ochsner, A. J.** 







Catheter fixed 
with catgut 
suture 


Fig. 1—McArthur’s method of common-bile-duct 
drainage. A catheter was passed through the distal 
common bile duct and papilla into the duodenum. 
The distal catheter commonly used was 6 to 8 F. 
(2 to 2.4 mm.). 
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Fig. 2—-Long-arm tube of Cattell compared with 
the usual T-tube of Kehr. The arms of the long-arm 
T-tube are of equal size and range from 6 to 36 F. 
(2 to 12 mm.). 


tion. Matas*® and Lord Berkeley Moynihan *' 
were proponents of this type of drainage 
of the common bile duct after its explora- 
tion. In 1946, Cattell ** developed the long- 
arm T-tube (Fig. 2). The principle of the 
long-arm T-tube is essentially that of the 
two-catheter method of McArthur. 

Acute hemorrhagic pancreatitis is, on oc- 


casion, a tragic complication of upper ab- 
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dominal surgery (Figs. 3 and 4). 
cases have been reported (Table). 


Many 


Such a catastrophe is due, in all prob- 
ability, to vascular damage to the pancreas 
associated with some form of trauma to the 
duct of Wirsung or to the duct of Santorini. 
Perryman and Hoerr *' reported recently a 
significant rise in the postoperative serum 
amylase following major upper abdominal 
surgery. The postoperative serum amylase 
was elevated in one-third of the 85 patients 
having upper abdominal surgery. Similar 
findings have been reported by other au- 
thors.§ We, on the other hand, have been 
unable to confirm this finding. Dunphy || has 
been unable to confirm this finding, unless the 
patient has had extensive trauma to the pan- 
creatic area. Scott and Harkins,°*® however, 
in 1951 demonstrated high diastase titrations 
for three to four days after major upper ab- 
dominal surgery. The determinations were 
obtained from secretions obtained by Chaffin 
tubes. 

Experimental studies have shown that 
simple obstruction of the pancreatic ducts will 
not produce acute hemorrhagic pancreatitis.{ 
The obstruction must occur during digestion, 
when there is present an active pancreatic 

§ References 39 and 56-58. 

|| Dunphy, J. E., personal communication to the 
authors. 


{ References 60 and 62. 





Fig. 3—Acute hemor 
and necrotizing 
pancreatitis, as found at 
autopsy. 


rhagic 
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Fig. 4.—Fat necrosis of 
the omentum in a patient 
who died of acute hemor- 
rhagic pancreatitis. 


enzyme of high trypsinogen value. Associ- 
ated with the obstruction, some form of 
trauma or interference with the circulation 
of the pancreas must have occurred. The 
trauma may be due to rupture of the pan- 
creatic ducts from bile reflux under pres- 
sure,” localized thrombophlebitis or thrombo- 
sis,°* or trauma to the blood supply of the 
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pancreas. 
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Acute Pancreatitis as a Complication of Upper Abdominal Surgery (Collected Cases) 








The forms of trauma to the pancreatic duct 


which may produce obstruction include the 
following : 

1. Edema and hemorrhage following in- 
strumental exploration of the distal common 
duct through the common duct or exploration 
through the papilla by the transduodenal ap- 
proach."® 

2. Injury to the pancreatic duct or the duct 
of Santorini by ligation or angulation. The 


No. of 
Cases of 
Acute Post- 
operative 


Pancreatitis Primary Operation 
aces 145 Biliary-tract surgery (38) 
iicwcede 2 Biliary-tract surgery 
1 Choledochotomy and sphineter 
dilatation 
3 Biliary-tract surgery 
Meena 1 Biliary-tract surgery 
1 Biliary-tract surgery 
13 Gastrie operations 
Biliary-tract surgery 
1 Choledochotomy 
1 Choledochotomy 
9 Gastrie surgery 
Biliary-tract surgery 
Choledochotomy and sphincter 
dilatation 
eeenne & Biliary-tract surgery (2) 
4 Choledochotomy 
9 Biliary-traect surgery (3) 
ery - 2 Choledochotomy 
Pitan eohae 2 Gastrie operations 
3 Sphincterotomy 
21 Not stated 
Reece hae 2 Sphincter dilatation 
cavecan 13 Biliary-tract surgery (7) 
5 Biliary-tract surgery 








duct of Santorini lies ventrally and 2.5 cm. 
proximal to the major papilla. This duct is 
the major pancreatic duct in 10% of patients, 
and it is particularly susceptible to injury 
during gastric resection.# 

3. Pressure from a long-arm T-tube or 
catheter which has been passed down the 
distal common duct, through the papilla, and 
into the duodenum, occluding partially or 
completely the distal end of the duct of Wir- 
sung. 

A small catheter or long-arm T-tube passed 
down the common bile duct through the pa- 
pilla may, under certain conditions, be dan- 
gerous. Such a tube may partially or com- 
pletely block the pancreatic duct, whereas a 
stone at the papilla would be insufficient to 
produce obstruction. Acute hemorrhagic pan- 
creatitis has been reported following the use 
of these tubes. Smith and co-workers *° and 
Blatherwick and Pattison °° have reported 
four cases of acute hemorrhagic pancreatitis 
following the use of long-arm T-tubes. Bell, 
in discussing the paper presented by Blather- 
wick and Pattison, reported a case of acute 
hemorrhagic pancreatitis following the use of 
a 12 F. catheter through the papilla following 
choledochotomy. The acute pancreatitis sub- 
sided promptly after the withdrawal of the 
catheter. Lasher, in discussing the same 
paper, reported two cases of acute pancrea- 
titis with necrosis where long-arm T-tubes 
had been used after sphincterotomy. One of 
the fatal cases reported by Lundquist * fol- 
lowed the use of a long-arm T-tube. Coffey *° 
reported a fatal case following sphincter dila- 
tion and the use of a long-arm T-tube. 


ANATOMY 

The anatomical structure and the physio- 
logical function of the distal portions of the 
common bile and pancreatic ducts have been 
the subject of many investigations.* 

Wirsung * described the main pancreatic 
duct in the human in 1642. A year previ- 
ously, Moritz Hoffman discovered the duct 
of the pancreas while working on a rooster. 





# References 33, 34, 39, 43, and 44. 
* References 1-25. 
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He showed his findings to Wirsung, who 
then carried out dissections on the human, 
Bidloo * first noted a papilla common to the 
bile and pancreatic ducts. He reported the 
finding in his “Anatomie humanis corporis,” 
in 1685. Vater,®* in 1720, described the com- 
mon-bile-duct termination, which bears his 
name. The accessory pancreatic duct was de- 
scribed by Santorini in 1775.°° 

A surprising difference of opinion exists 
as to the anatomy and {unction of the ampul- 
lary region. Schirmer,®® in 1893, started a 
controversy in regard to the relationships 
of the ductal terminations. He dissected 47 
human specimens, 22, or 47%, of which had 
a mucosal fold separating the two ducts. Since 
1893, twelve hundred fifty-two anatomical 
dissections of the terminal portion of the bile 
and pancreatic ducts have been reported.” 
Separate openings into the duodenum have 
been reported as present in 28.7% of these 
An 
8% to 80% in regard to separate openings 
has been reported by the different authors. 


dissections. unbelievable variation of 


The lack of uniformity in findings is due, in 
part, to variations in the methods of prepara- 
tion and dissection of the specimens. A sec- 
ond factor is a real anatomical variation in 
the structure of the area. 

The presence of a common channel is dem- 
onstrated clinically in a certain number of 
cases where cholangiograms reveal a reflux of 
dye from the common bile duct into the pan- 
creatic duct. Such a reflux can be demon- 
strated in about 16% of cholangiograms.*° 
The secretory pressure in the pancreatic duct 
is normally greater than that in the common 
bile duct, and reflux should not occur. Never- 
Dragstedt 1° 
where the duct of Santorini connects with 
the duct of Wirsung, the normal differential 
in ductal pressures is nullified. The ducts of 


theless, as has emphasized, 


Wirsung and Santorini are connected in 36% 
of cases.*° 


REPORT OF CASES 
Case 1.—A 42-year-old, obese white man on ad- 
mission to St. Luke’s Hospital gave a history of 
repeated attacks of colic in the right upper quadrant 
of the abdomen since the age of 20. Several of the 
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attacks were associated with jaundice and acholic 
stools. The blood pressure was 140/90 mm. Hg. 
The red blood cell count was 4,800,000 per cu. mm., 
and the hemoglobin level, 14.5 gm/100 cc. The pro- 
thrombin time was 27 seconds. At operation a con- 
tracted gall bladder containing several small stones 
was found. The common bile duct was dilated and 
thick-walled but contained no stones upon careful 
exploration. A catheter was placed in the proximal 
common duct, with catheter 
through the distal common duct and papilla into the 
duodenum. There was a marked fall of blood pres- 
sure in the early postoperative period. There was a 
large amount of serous drainage from the wound. 
On the fifth postoperative day, sugar appeared in 
the urine and the blood sugar was 230 mg/100 ce. 
Death occurred on the 20th postoperative day. 
Autopsy revealed diffuse hemorrhagic pancreatitis 


an associated 8 F. 


with necrosis. 

Cast 2.—A 50-year-old white man entered St. 
Luke’s Hospital with a history of jaundice of five 
days’ duration. The patient had suffered an attack 
ot gall-bladder colic three months previously. Gall- 
bladder visualization between attacks disclosed a 
nonfunctioning gall bladder. The icterus index was 
25 units. There was tenderness and rigidity in the 
right upper quadrant of the abdomen. Surgery was 
carried out after four days of preparation. A thick- 
ened gall bladder with stones was found, and one 
stone was removed from the common bile duct. A 
catheter was placed in the proximal common duct, 
and an 8 F. catheter passed through the distal com- 
mon duct and papilla into the duodenum. On the 
third postoperative day there was a precipitous drop 
in blood pressure and difficulty in breathing. There 
was from the 
wound. The patient died on the fifth postoperative 
day. Autopsy revealed a marked acute hemorrhagic 


profuse serosanguinous drainage 


pancreatitis with disseminated fat necrosis of the 
peritoneal and retroperitoneal tissues. 

Case 3.—A white woman 50 years of age had had 
a cholecystectomy performed elsewhere two years 
prior to admission to St. Luke’s Hospital. The 
cholecystectomy was followed a few months later 
by a bronchobiliary fistula, which closed spon- 
taneously. Recurrent jaundice and colic persisted. 
Common-duct exploration with removal of stones 
was done. The proximal common duct was drained 
by a catheter, and an 8 F. catheter was passed down 
the distal common duct through the papilla into the 
duodenum. The early postoperative period was com- 
plicated by a rising pulse rate and a marked fall in 
the blood pressure. Death occurred on the third 
postoperative day. Autopsy disclosed acute hemor- 


rhagic and necrotizing pancreatitis. 


Case 4.—A 53-year-old white woman entered St. 
Luke’s Hospital because of right upper quadrant 
colic and jaundice. At operation chronic cholecystitis 











BILIARY-TRACT SURGERY 
with stones was found, and several stones were re- 
moved from the common bile duct. A long-arm T- 
tube was passed through the distal common duct and 
papilla into the duodenum. Forty-eight hours post- 
operatively the oral temperature rose to 102 F, the 
pulse rate increased to 120, and a shock-like syn- 
drome developed. Death occurred on the fifth post- 
operative day. Autopsy revealed acute hemorrhagic 
and necrotizing pancreatitis. 

Case 5.—A white man of age 60 had recurrent 
biliary-tract colic. At operation the sphincter of 
Oddi divided. Absorbable surgical (gut) 
sutures were used to approximate the duodenal 
mucosa and the mucosa of the edges of the cut 
sphincter. Twenty-four hours postoperatively there 
was severe pain and toxicity. At the end of 72 
hours, it was apparent from the increased pulse rate, 
fall in blood pressure, and distention that some ab- 


was 


dominal catastrophe had occurred. Abdominal ex- 
ploration was done, and an acute hemorrhagic pan- 
with fat found. The gall 
bladder was greatly distended. Cholecystostomy and 
drainage of the abdomen was carried out. There was 
much drainage of flecks of necrotic pancreas, which 
persisted for four months. Recovery occurred. 


creatitis necrosis was 


COMMENT 

We have carried out fresh-tissue dissec- 
tions of the terminations of the common bile 
and pancreatic ducts. A thin septum can 
usually be demonstrated between the bile and 
pancreatic ducts in their terminal portions 
(Fig. 5). It is usually present whether or 
not the ducts open separately into the duo- 
denum or open into a common channel a few 
millimeters proximal to the tip of the papilla. 
Serial transverse microscopic sections of the 
papilla, from the base to the tip, demonstrate 
how thin the septum between the ducts be- 
comes as it approaches the tip of the papilla 
(Fig. 6). 

From our observations a tube passing 
down through the distal common duct and 
papilla may occlude partially, or completely, 
the pancreatic duct by pressure on this thin 
septum (Figs. 7 and 8). Associated trauma 
from manipulation, with its attendant edema, 
greatly increases the chance of possible ob- 
struction. 

In the early postoperative period acute 
pancreatitis may be overlooked easily. Pain 
is difficult to evaluate, since the patient has 
undergone recent surgery and has usually a 
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Fig. 5. — Dissection 
specimen of the terminal 
bile and pancreatic ducts 
from a fresh human au- 
topsy. A thin septum 
(arrow) separates the 
two ducts to within a few 
millimeters of the tip of 
the papilla. 


generous-sized incision. 


However, the pain 


of acute pancreatitis is, on most occasions, 
out of proportion to the pain which is present 
after biliary-tract surgery. 

Nausea and vomiting are uncommon in 
acute pancreatitis in the postoperative period 
because suction drainage is used so fre- 
quently. 

The most significant clinical findings are 
a rise in the pulse rate and a drop in the 
blood pressure. Severe prostration and evi- 


dence of circulatory collapse are present. 





ARCHIVES OF SURGERY 





With the development of such a clinical 
picture in the postoperative period, a serum- 
amylase determination should be obtained 
promptly. .\ considerably elevated amylase 
level points to acute pancreatitis. Other con- 
ditions may produce elevation of the serum 
amylase of lesser degree.t These conditions 
include peritonitis, high intestinal ebstruc- 
tion, renal impairment, and excessive admin- 


istration of morphine and codeine.” 


+ References 70-72. 

























Fig. 6. — Transversy 
microscopic section (low 
power) of the terminal 
bile and pancreatic ducts 
near the tip of the papilla 
from an autopsy specimen 
in which the ducts opened 
separately into the duo- 
denum. Note that little 
tissue exists between the 
ducts other than the wall 
of each duct. In this case 
partial or complete oc- 
clusion of the pancreatic 
duct may occur from the 
pressure of a tube in the 
common bile duct, which 
has been passed through 
the papilla. Associated 
traumatic edema _ would 
greatly enhance this pos- 
sibility. 
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Fig. 7—A size 6 F. (2 
mm.) catheter has been 
placed into the distal com- 
mon bile duct through the 
papilla into the duodenum 
in the dissection specimen 
shown in Figure 5. Note 
that the septum (arrow) 
separating the two ducts 
is deviated and is partially 
occluding the pancreatic 
duct. With associated 
edema following trauma 
of surgical manipulation 
within the duct, complete 
obstruction may develop. 





Slide 


Slide 


AFTER BILIARY-TRACT 








SURGERY 





Large amounts of blood and serum albumin 
are needed to correct the deficit in the circu- 
lating-blood volume. The electrolyte and fluid 
loss by vomiting and suction must be cor- 
rected. 

Gaastric-suction decompression is essential 
to prevent distention as well as to prevent 
the gastric acid from stimulating further pan- 
creatic secretion. 

Morphine should be avoided. Protective 
antibiotic therapy should be started. 

A catheter or long-arm T-tube extending 
through the papilla should be withdrawn im- 
mediately, 

After sphincterotomy, sutures should be 
avoided. A variable amount of edema fol- 
lows division of the sphincter. The sutures 
may serve to retain the edema and obstruct 
the pancreatic duct. It has been suggested 
by Reynolds and Lary ** that a fine polyethyl- 
ene tube be inserted into the pancreatic duct 
at the time of sphincterotomy to assure drain- 
age until the edema subsides. 


SUMMARY AND CONCLUSIONS 
Acute hemorrhagic pancreatitis is an in- 
frequent, but serious, complication following 
biliary-tract surgery. Such a catastrophe is 
probably due to vascular damage to the pan- 


Fig. 8—Line drawings of Figures 5 and 7. Note 
the compression of the septum separating the com- 
mon bile duct and the pancreatic duct. 
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creas, associated with some form of trauma 
to the duct of Wirsung or the duct of Santor- 
ini, producing obstruction. 

The forms of trauma to the pancreatic duct 
which may produce obstruction include (a) 
edema or hemorrhage following instrumental 
exploration of the distal common duct, (b) 
ligation or angulation of the ducts of Wir- 
sung or Santorini, and (c) pressure of a 
long-arm T-tube or catheter which passes 
through the papilla into the duodenum. 

A long-arm T-tube or catheter passed 
down through the distal common duct and 
papilla into the duodenum and left in place 
may under certain conditions be dangerous. 
Such a tube may partially or completely 
block the pancreatic duct by pressure against 
the thin septum separating the two ducts in 
their terminal portion. A number of cases 
of acute hemorrhagic pancreatitis have been 
reported after the use of such tubes. We have 
added four cases confirmed at autopsy. 

Sutures should not be used aiter sphincter- 
otomy. The suture may serve to retain the 
edema and obstruct the pancreatic duct. 


DISCUSSION 
Dr. Joun T. Reynotps, Chicago: I am very 
anxious to discuss this very important paper by Dr. 
Diffenbaugh and Dr. Strohl. The long-arm T-tube 
was originally conceived as a means of circumvent- 
ing a tight sphincter of Oddi. Although apparently 
in the majority of cases where it has been used 
there has been no difficulty, Dr. Diffenbaugh’s re- 
port quite clearly emphasizes the fact that a T-tube 
left in place through the intact sphincter of Oddi 
may be associated with a very great hazard. 

If not with a long-arm-T-tube, how shall a sur- 
geon approach the problem posed by the presence 
of a tight sphincter? The answer is simple in the 
rare case in which the wall of the lowest centi- 
meter of the common duct is firm, thickened, and 
fibrotic. It is also simple in cases of chronic pan- 
creatitis. It is best in these cases to bypass the 
sphincter and to create a new common duct by de- 
liberately dividing the common duct and _ recon- 
structing it according to the Roux-Y principle. Such 
a procedure is particularly indicated if biliary sedi- 
ment and pus are retained above the partly occluded 
duct. 

However, in cases in which the sphincter is oc- 
cluded only at the ampulla, or in cases in which 
sphincter spasm causes reflux, surgeons are re- 
luctant at the present time to carry out such an 


938 








A. M. A. ARCHIVES OF SURGERY 
extensive operation. Observing the satisfactory post- 
operative behavior of patients who have had to sub- 
mit to a division of-the sphineter of Oddi to extract 
an impacted common-duct stone, surgeons have 
operatively divided the sphincter. This has been 
done primarily to obviate the development of reflux 
and has been found to allow small, undetectable 
stones to escape from the common duct. 

The benefits of such a procedure are at once ap- 
parent, yet we must be careful to recognize any 
hazard which such a procedure may entail. There is 
always the hazard of a duodenal leak from the site 
of the duodenotomy. Patients with this condition 
may also develop pancreatitis, as happened in my 
case mentioned by Dr. Diffenbaugh, or may de- 
velop a posterior duodenal leak at the site of the 
sphincterotomy, as has been reported by Mulholland, 
and as the author has observed since the presenta- 
tion of this paper in December. 

At the present time, it seems that such hazards, 
while very great, are rare. Such an impression may 
be in error, and it is of great importance that indi- 
vidual surgeons who perform such operations record 
in detail their 
results thereof. 


and the 
If such collected studies show that 


operative manipulations 
the operative mortality is in fact low, surgeons by 
dividing the sphincter may not only relieve patients 
from the a tight 
sphincter but may also divide the sphincter in cases 


who are. suffering effects of 
where cholangiography or the presence of tiny cal- 
culi suggest that later complications may develop. 

On the other hand, if the mortality and morbidity 
are not observed to be low some other procedure 
must be sought. We believe, with Dr. Diffenbaugh 
and Dr. Strohl, that the use of a long-arm T-tube 
is contraindicated, not only because its effects can 
only be transient but also because of the definite 
hazard with which it is associated. 


Dr. E. Lee Strout, Chicago: I should like to 
make four points if I may. 

1. Long-arm T-tubes are manufactured in sizes 
ranging from 6 F. to 36 F., or 2 mm. to 12 mm., 
since the conversion factor from French to milli- 


meters is 3. In our fresh-tissue dissections we 
found the average diameter of the common bile duct 
3 mm. Therefore, when the 


14 to 16 F. 


the papilla complete obstruction 


at the papilla to be 
usual long-arm tube of caliber is in- 
serted through 
results at the papilla. The septum between the duct 
of Wirsung and common bile duct may be partially 
or completely closed, obstructing the outflow of pan- 
creatic secretions. 

2. In 36% of patients the ducts of Wirsung and 
Santorini are connected. Such a connection prevents 
damage to the pancreas from obstruction at the 
papilla. 

3. The duct of Santorini is the major pancreatic 
duct in 10% of patients. Therefore, in a patient 
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whose major pancreatic duct is the duct of San- 
torini obstruction of the duct of Wirsung would pro- 
duce no symptoms from back-pressure of pancreatic 
secretions. It follows, on a statistical basis, that 
long-arm tubes may be safe in approximately 60% 
of patients. The difficulty lies, however, in the fact 
that at operation one is unable to determine with 
certainty which pancreatic duct is the dominant 
duct. 

4. Should one elect to use a long-arm tube or 
catheter, the distal limb projecting through the 
papilla should not exceed size 6 F. or 8 F. 


122 S. Michigan Ave. 
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Duodenostomy 


A Method of Management of the Difficult Duodenal Stump in Certain Cases of Partial 


Gastrectomy for Duodenal Ulcer 


C. G. McEACHERN, M.D. 

R. E. SULLIVAN, M.D. 

and 

J. E. ARATA, M.D., Fort Wayne, Ind. 


In most instances of partial gastric re- 
section of the Biliroth I] type performed 
for duodenal ulcer, management of the duo- 
denal stump presents no unusual problem. 
However, in some cases of duodenal ulcer, 
closure of an edematous, deeply scarred, or 
deformed duodenum, particularily when as- 
sociated with a penetrating posterior ulcer, 
may be somewhat hazardous even to the 
skilled experienced gastric surgeon. 

The successful management of the duo- 
denal stump has become largely the deter- 
mining factor in the frequency of serious or 
fatal complications following gastrectomy for 
duodenal ulcer. Avola! reported 10 deaths 
in 13 cases of duodenal fistula following gas- 
MeKittrick,? in 179 cases of 


gastric resection, reported 50% of the mor- 


tric resection. 


tality to be due to peritonitis attributable to 
duodenal leakage. 

To obtain satisfactory healing of the closed 
duodenal stump, the gastric surgeon must pay 
He 


must preserve a sufficient length of transected 


meticulous attention to certain details. 
duodenum with an adequate blood supply to 
insure accurate suturing; he must take pre- 
cautions to prevent any subsequent increase 
in intraluminal pressure in the duodenum. 
Any compromise in attention to these details 
may result in leakage from the closed duo- 
denal stump with its disastrous sequelae. 

The gastric surgeon will usually prefer to 
close the duodenal stump distal to the excised 
LL 
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ulcer if this can be accomplished easily and 
safely. However, in some cases this cannot 
be achieved satisfactorily without encroach- 
ment upon adjacent structures, particularly 
the common duct. In such cases a safer al- 
ternative must be employed. 

difficult 
various surgeons have advocated several in- 


To cope with these situations, 
genious procedures. These include exclusion 
operations, the two-stage gastric resection, 
vagotomy and gastroenterostomy, exteriori- 
zation procedures, segmental gastric resec- 
tion, the Nissen procedure combined with 
the von Haberer-Finney type of gastric re- 
section, placement of drains adjacent to the 
duodenal stump, and duodenostomy. 

In complicated cases Bancroft * advocated 
leaving the ulcer in situ, excising the antral 
mucosa after transection of the stomach, and 
closing the resulting seromuscular stump. 
Cole * routinely utilizes this procedure when 
the duodenal wall is so indurated that it can- 
not be inverted safely. 

The two-stage gastric resection of Mckit- 
trick,” designed to cope with the difficult 
duodenal stump, has not been widely ac- 
cepted, Partial gastric resection with gastro- 
enterostomy and exclusion of the gastric 
antrum was performed in the first stage. The 
second stage, executed some six weeks later 
when much of the inflammation has subsided, 
permitted excision of the gastric antrum and 
the duodenal ulcer. 

Lahey ® suggested the performance of 
vagotomy and gastroenterostomy in cases in 
which subtotal gastrectomy, with removal of 
the ulcer and safe closure of the duodenal 
stump, cannot be done. It may well be that 
in the future this will prove to be one of the 
few indications for the use of this procedure 
in the surgery of duodenal ulcer, 
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To circumvent the hazards of the difficult 
duodenal closure, \Wangensteen ° proposed 
segmental gastric resection combined with 
longitudinal incision through the preserved 
antrum and duodenum followed by trans- 
verse suture. This procedure removes the 
greater portion of the acid-secreting area of 
the stomach and deprives the pylorus and the 
antrum of their vagus-nerve supply. An 
antral ulcer precludes the use of this proced- 
ure, and it may well be technically impossible 
in the presence of marked edema and inflam- 
mation. 

In some cases of posterior duodenal ulcer 
penetrating into the pancreas, Nissen * pro- 
posed exteriorization of the ulcer. He advised 
suturing the free anterior wall of the duo- 
denum to the distal margin of the ulcer crater 
in the pancreas and then approximating the 
anterior wall of the duodenum to the proxi- 
mal ulcer margin and to the pancreatic cap- 
sule, 

Graham,* in such cases, also advocated 
exteriorization of the ulcer and closure of 
the duodenal stump about it, leaving the 
ulcer base intact on the surface of the pan- 
creas, 

Baker * recently proposed a method of 
exteriorization of the ulcer which is essen- 
tially a modification of the Nissen procedure. 
(silk) 
sutures approximate the seromuscular layer 


Interrupted nonabsorbable surgical 


of the anterior duodenal wall to the pan- 
creatic capsule and to the ulcer margin. The 
mucosal margin is thus inverted without 
suture—a detail Baker believes to be of im- 
portance. Reinforcement with omentum com- 
pletes the closure. 

The Billroth I technique of gastric resec- 
tion avoids the duodenal stump but requires 
a normal duodenal cuff for anastomosis and 
is therefore of little use in the presence of 
marked scarring, inflammation, or edema. 
The complicated duodenal stump does not 
lend itself well to this procedure. 

Harkins,’" an advocate of the Billroth 1 
procedure, closes the difficult duodenal stump 
by the method described by Nissen‘ and 


then performs an end-to-side gastroduodenal 





anastomosis according to the von Haberer- 


Finney technique. The close proximity of the 
gastroduodenal stoma to the closed end of the 
duodenal stump affords a ready means of de- 
compression of the duodenal lumen, thus 
tending to eliminate the possibility of leakage 
from the duodenal stump. This procedure in 
some cases is technically difficult to perform 
and in some cases almost impossible. 

Felsenreich '' placed drains in a localized 
cavity established about an insecurely closed 
duodenal stump. Although many surgeons 
employ rubber drains placed near the duo- 
denal stump to provide an exit in the event 
of duodenal leakage, it has been amply dem- 
onstrated that this will not always prevent 
the development of generalized peritonitis 
should duodenal leakage occur. 

Welch '* has recently reported the use of 
catheter duodenostomy in those cases in 
which it is impossible to obtain satisfactory 
duodenal closure and cites Smithwick, Whip- 
ple, and Waugh as supporters of this proced- 
ure. Priestly '* and Hoerr'* have also 
championed it. 

We first became interested in the use of 
duodenostomy in 1947, in certain selected 
cases. From 1947 to 1954 duodenostomy was 
performed in 11 instances by three surgeons. 
This represents +% of the gastric resections 
performed in this time. A summary of these 
cases is presented in the Table. 

In this series of 11 cases the ages ranged 
from 37 to 60 years. All patients were men. 
Hemorrhage, obstruction, perforation, and 
intractability were the indications for sur- 
gery. In all cases the anterior Polya type of 
gastric resection was employed. 

The catheter was retained in place from 
11 to 16 days. 


been removed much earlier in some cases. 


Undoubtedly it could have 


In three cases some drainage about the 
catheter occurred, This proved to be incon- 
sequential, for healing took place promptly. 
No persistent duodenocutaneous fistulae oc- 
curred. All patients recovered; in one case 
the incision was reopened on the second day 
because of postoperative bleeding. 
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Duodenostomy—Summary of Eleven Cases 


No. 
Days 
Duodenal Er. 
Q ; Type of Indication for Cath. Hosp. 
Age Sex Pt. No. Uleer Operation Type of Operation Retained P.O. Comp. Days Result 
60 M 51-3250 Duodenal Hemorrhage, Ant. Polya G.R 1G Hemorrhage 19 Recovered 
intractability reopened 
50 M 2912 Duodenal Hemorrhage Ant. Polya G. R. 12 None 16 Recovered 
68 M 52-1951 Duodenal Hemorrhage, Ant. Polya G. R. 13 None 16 Recovered 
perforation 
64 M 52-3817 Duodenal Hemorrhage, Ant. Polya G. R. il Leakage about 24 Recovered 
perforation cath. 
40 M 52-4833 Duodenal Intractability Ant. Polya G.R It None 22 Recovered 
1 M 58-9444 Duodenal Hemorrhage Ant. Polya G. R. 12 None 18 Recovered 
43 M 53-9919 Duodenal Hemorrhage, Ant. Polya G.R 16 Leakage about 13 Recovered 
obstruction eath, 
1 M 54-1149 Duodenal Hemorrhage Ant. Polya G.R 12 None pe 4 Recovered 
0 M d4-Dd82 Duodenal Perforation Ant. Polya G. R th Leakage about 18 Recovered 
eath, 
jg M_ S54-1966 Duodenal Obstruction Ant. Polya G. R. 1] None l4 Recovered 
oF M 54-407 Duodenal Obstruction Ant. Polya G. R. Iti None 19 Recovered 


The technique of duodenostomy is rather 
simple (Figure). Only sufficient length of 
duodenum is mobilized to facilitate suturing 
the catheter into the duodenum. In most 
instances the ulcer is removed, care being 
taken not to damage the pancreas. After the 
duodenum has been transected, a No. 16 F. 
catheter is sutured securely into the open end 
of the duodenum, which is then closed about 


it by means of a purse-string suture. The 
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catheter is pulled through the omentum which 
has been placed over the duodenal stump and 
brought out through the anterior abdominal 
wall through a stab wound. The closure is 
tested by saline irrigation and secured to the 
anterior abdominal wall with a nonabsorbable 
surgical (silk) suture as one routinely an- 
chors a T-tube. The catheter is then attached 
to a rubber tube draining into a bottle on the 
floor. Two Penrose stains are placed in the 
region of the stump and brought out through 
the abdominal wall by means of a separate 
wound. These are useful as an added safety 
factor. 

The catheter is clamped beginning on the 
eighth postoperative day and removed several 
days later. The Penrose drains are usually 
removed on the 12th day. Drainage usually 
ceases shortly afterward. Minor leaks about 
the catheter are apparently of no consequence. 


COM MENT 


Duodenostomy was first used in 1880 by 
von Langenbech for feeding purposes. In 
1881 Billroth '® first discussed the establish- 
ment of a duodenal fistula when gastric resec- 
tion was performed. Neumann*™ in 1909 
placed a catheter in two cases of perforated 
gastric ulcer in which satisfactory closure 
could not be accomplished. Bassett'* reported 
the use of duodenostomy in 1933. Keynes '° 
in 1934 advocated duodenostomy for the 
management of both perforated gastric and 
duodenal ulcers. Friedemann °° in 1936 per- 
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formed duodenostomy after gastric resection 
in two cases in which secure closure of the 
duodenal stump could not be accomplished. 
In these cases the duodenal fistulae which 
developed closed within three weeks. 

Duodenostomy has not been accepted as a 
standardized procedure. Undoubtedly misfor- 
tunes have followed its use in some cases. 
Bruusgaard,*! in his comprehensive survey, 
has condemned the procedure. Possibly the 
untoward sequelae were the result of faulty 
technique in the performance of gastric re- 
section rather than imperfection in the pro- 
cedure per se. 

In the past seven years, our opinion has 
been strengthened that the occasional selected 
utilization of duodenostomy will provide a 
margin of safety that cannot otherwise be 
achieved. It is apparent that a controlled 
duodenal fistula is preferable to an insecurely 
closed duodenal stump which may result in 
leakage. Welch '* has advocated the use of 
concomitant catheter jejunostomy. We con- 
sider this to be an unnecessary adjunct. 

Possibly our enthusiasm to study the pro- 
cedure may have stimulated us to utilize 
duodenostomy more frequently than was ab- 
solutely necessary. On the other hand, the 
procedure could have been employed advan- 
tageously in a few other selected cases. In 
our hands we have found duodenostomy pre- 
ferable to an insecure closure of the duodenal 
stump by other methods. Its greatest field of 
usefulness may lie in the hands of younger, 
less experienced gastric surgeons. 

\s our experience with duodenostomy has 
increased, we have become more enthusiastic 
about the advantages of its occasional selected 
use and less impressed with its disadvantages. 
The two most serious complications, leakage 
about the catheter and electrolyte imbalance 
due to the loss of duodenal content, have in 
our hands been of no consequence. Proper 
closure of the duodenum about the catheter 
plus the use of Penrose drains has rendered 
the first complication inconsequential. Proper 
performance of gastric’ resection renders 
obstruction in the afferent loop almost non- 


existent. The development of a_ persistent 





fistula, as 


duodenocutaneous 


reported by 
Caudell,?? did not occur in our series. 


SUMMARY 


The methods of management of hazardous 
duodenal stumps are briefly mentioned. 

The history of duodenostomy is outlined 
briefly. 

The technique and advantages of duoden- 
ostomy are described. 

A summary of our experience in 11 suc- 


cessful cases is presented. 


DISCUSSION 


Dr. Henry N. Harkins, Seattle: This 
certainly represents a good approach to a very 


practical problem. 


paper 


[Slide] This slide, loaned to me by my colleague, 
Dr. John 
graphic 


Duncan, of this city, summarizes in 


form some of the types of therapeutic 


these difficult duodenal 
outlined by Dr. McEachern. 


management oi stumps, as 

In the upper left-hand corner is the closure with 
the ulcer still in place, somewhat a modification of 
the method used by Dr. Baker which has already 
been referred to. 

On the upper right we see the exclusion opera- 
tion. In the center is the Bancroft-Plenk modifica- 
tion. 


Here is the Nissen procedure, and this is 


the catheter-drainage method, so well portrayed 
by the speaker. 

Another thing I should like to add to the thera- 
difficult 


stumps in a technical way is to advocate drainage 


peutic management of these duodenal 
more frequently of the duodenal stump area. In 
King County 
60% of 


and we believe that in this way we can cut down 


our practice at the Hospital we 


drain possibly 40% to the difficult cases, 


on the number of actual drainages of the lumen 
of the duodenum. 
The final point I should like to make is that 


not only is this a therapeutic problem but it also 
is a prophylactic problem. There are several ways 
in which the duodenal stump can be treated tech- 
nically, which in our hands make its management 


simpler. One maneuver that I certainly would 
recommend again (and I am sure you are all 
familiar with all of these maneuvers and you 


probably use all of them) is the Kocher maneuver 
of mobilization of the duodenum. Certainly with 
any difficult duodenal stump a Kocher mobilization 
is very helpful. 

Second, a technical way of doing the Kocher 
maneuver: If one will place the finger in the fora- 
Winslow 


down 3 or 4 in. in the caudad direction, one will 


men of and pass it firmly but gently 


have accomplished a Kocher maneuver. 
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Another thing of technical importance is always 
to leave the anterior flap of the duodenum long. 
I am sure you are all doing that. 

[Slide] The final technical point is to utilize 
what we call the 
posely presenting this today because I know that 
Chicago. “A 
prophet is not without honour, save in his own 


Strauss maneuver. | am_ pur- 


many of our members are from 


country.” I have often wondered why the Strauss 
Seattle like so 
not used oftener elsewhere, including Chicago. 


maneuver, which we in much, is 

Essentially, it involves an approach to a difficult 
duodenal ulcer not from behind and from the left 
but through the front wall of the duodenum. Here, 
too, incidentally, the anterior leaf of the duodenum 
can be cut as long as by any other method. Then 
one should go out through the posterior wall of 
the duodenum from within the lumen. We believe 
this will give better access to these difficult duodenal 
ulcers. 

Again may I say that this problem which has 
been brought up by Dr. McKEachern, whether ap- 
proached prophylactically or therapeutically, is a 
very important one, and I wish to congratulate 
Dr. McEachern for his presentation of it. 

Dr. Minn.: I 


apologize for discussing this paper. I am not sup- 


Oscar T. CLacett, Rochester, 


posed to be a gastric surgeon particularly, but 
the essayists and the discussers have missed one 
very important point about this duodenal-stump 
business and that is the drainage of the proximal 
jejunal loop. 

that precarious 
duodenal-stump closure will heal perfectly well if 


I am_ convinced even a very 
we have adequate drainage of the duodenal loop. 
I don’t believe the ordinary Polya-type of gastric 
resection is good; I believe it is obsolete. If you 
carry it high enough on the lesser curvature to 
do an adequate gastric resection you will angulate 
you will interfere with drainage 
of the jejunum, you will have back-pressure against 
the duodenal stump, and it will leak. I believe you 
need a Hofmeister-Polya type of resection, which 
will give a good, high, adequate resection and 
still provide very good drainage of the jejunum 
without any back-pressure against the duodenal 
stump, and I believe that is the really important 
factor about the duodenal-stump management. 


the jejunum, 


I don’t believe duodenostomy is necessary very 
often. It is a good thing to have in reserve, but 
I don’t believe we need it very often. We should 
pay more attention to good drainage of the duodenal 
contents by avoiding any obstruction of the jejunum. 

Dr. Ropert A. Wise, Portland, Ore.: It is a 
great gratification to us who have observed the 
postoperative course following subtotal gastrectomy 
for peptic-ulcer disease during the past 25 years 
to note the marked decrease in the incidence of 
duodenal fistula. Many of us remember that 20 
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years ago—even 15 years ago—there was almost 
always a patient with duodenal fistula following 
gastrectomy on the wards of any large hospital, 

Recently, Dr. John Duncan, of Seattle, reported 
400 
for duodenal ulcer, with only three duodenal fistulae 
resulting. At the Veterans Hospital, Portland, Ore., 
in the past seven years we have had 465 subtotal 


on some consecutive subtotal 


gastrectomics 


gastrectomies, with an incidence of three duodenal 
fistulae. All of 
some form of closure of the duodenal stump with- 


these subtotal gastrectomies had 


out duodenostomy. 

[ cannot but feel that as reports of complications 
following duodenostomy are accumulated the pro- 
cedure will be used less and less. 

An unexpected complication developed in a_pa- 
tient recently referred to us who had had a subtotal 
gastrectomy and in whom a duodenostomy had 
When we 
after his gastric resection and duodenostomy he 


been performed. saw him five weeks 
had profuse drainage from the persistent fistula 
in the upper abdomen. The drainage was not bile; 
it was fecal in nature. On injecting the fistula with 
opaque material, we found that the patient had a 
fistula of his ileum which developed, possibly, about 
an abscess incident to his duodenostomy. 

Dr. 
this afternoon very much. I believe it is important 
this 
believe that it will only be on rare occasions that 


I have enjoyed McEachern’s presentation 


for us to know of procedure. However, | 
we will have to use it. 

Dr. C. G. McEAcHErRN, Fort Wayne, Ind.: I 
should like to thank the discussants, Drs. Smith, 
Baker, Harkins, Clagett, Wise, for their 
remarks. I should also like to thank the Association 


and 
for the privilege of speaking here. 
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Sphincter- reserving Operations or 


— of the a 


Special Reference to the Incidence and Survival Rates 


R. RUSSELL BEST, M.D. 
and 
JOHN A. RASMUSSEN, M.D., Omaha 


Sphincter-preserving operations for pa- 
tients with the rectum and 
rectosigmoid area are becoming more widely 


carcinoma of 


accepted, The more enthusiastic proponents 
of these procedures have learned by bitter 
experience that the abdominoperineal resec- 
tion with sacrifice of the anal sphincter is 
mandatory for those lesions adjacent to the 
sphincter mechanism. Also, the strongest 
objectionists must be looking at proper 
sphincter-preserving operations in_ selected 
patients with less disfavor, since reports are 
made which show that survival rates in prop- 
erly selected patients are approximately the 
same for both sphincter-preserving opera- 
tions and abdominoperineal resections. 
There has been a much wider acceptance 
of preservation of the sphincter mechanism 
in lesions of the lower sigmoid, and gradually 
more surgeons are no longer sacrificing the 
sphincter for lesions of the rectosigmoid. The 
area of the upper rectum and midrectum is 
more controversial, but even here improved 
operative technique and survival rate reports 
are supporting the contention that fewer pa- 
tients should be subjected to a permanent 
colostomy. In lesions of the lower rectum 
where the lower margin of the lesion is less 
than 5 cm. from the sphincter margin, we are 
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now convinced that the abdominoperineal 
operation is indicated. 

At the present time we are convinced that 
a lesion below the peritoneal floor and yet 
more than 5 cm. above the external sphincter 
margin demands a different surgical approach 
than a lesion which is more than 10 cm. above 
the sphincter margin and at or above the peri- 
toneal floor level. For the latter lesion it is 
believed that the rectosigmoidectomy No. 1 
procedure, which is an abdominal dissection, 
resection, and anastomosis, is the operation of 
choice. When the lesion is below the perito- 
neal floor and more than 5 cm. from the ex- 
ternal sphincter margin, the rectosigmoidec- 
tomy No. 2 procedure, abdominal dissection 
with posterior resection and anastomosis, is 
the operation of choice. 

Weare reporting on 189 patients who were 
seen between October, 1945, and Jan. 1, 1953, 
and diagnosed as having cancer of the lower 
sigmoid, rectosigmoid, or rectum. In this 
group of patients the lesions were at a level 
where in previous years the abdominoperi- 
neal resection would have been the only oper- 
ation considered. We do not apply the term 
“sphincter-preserving operations” unless the 
anastomosis of the upper segment is to a 
segment of rectum without peritoneum on the 
surface. There were 130 patients seen on our 
private service and 59 on the university serv- 
ice. The two groups will be analyzed sepa- 
rately because in general the patients seen 
on a university or charity service have a more 
advanced state of malignancy and the number 
of surgeons involved in their treatment is 
larger. In our university series, most of the 
operations were done by a resident surgeon. 

On the university service, there were 59 
patients having carcinoma of the lower sig- 
moid, rectosigmoid, or rectum. One of these 
patients refused treatment. Of the 58 remain- 
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SPHINCTER-PRESERV ING 

Taste 1—Carcinoma of Rectum, Rectosigmoid, 

and Lower Rectum at the University Hospital 
Service (October, 1945, to January, 1953) 














Patients 
eee eee 
No. Per Cent 
Total diagNosed .....ccrcccccccvcccccces 59 
Total treated and traced.............0 58 eens 
Operated OM .ccccccccrccccccccccccccccces 54 93.1 
Exploratory, colostomy, cecostomy.. 10 18.5 
ResectioM .ccsvccscvccecee 44 81.4 
Abdominoperineal 18 40.9 
Resection with sphineter preserva- 

GOR cee cecccsaccessceccccecsosece 26 59.1 
Reetosigmoidectomy No. 1........ 20 
Rectosigmoidectomy No. ‘ 4 
Rectosigmoidectomy No. 3 

Received only fulguration............... 4 
Refused treatment .....ccccocccccccccccs 1 


ing patients, 54 were operated upon, an oper- 
ability rate of 93.1%. Ten of these patients 
had an exploratory operation only, a colos- 
tomy, or a cecostomy. Forty-four patients, or 
81.4%, had resectable lesions, but some of 
these were palliative resections only because 
of evidence of distant metastasis. A sphincter- 
preserving operation was done on 26 patients, 
or roughly 60%, and an abdominoperineal 
resection with sacrifice of the sphincter mech- 
anism was performed in 18 patients, an inci- 
dence of 40%. 
abdominoperineal group, a 5.5% mortality 


There was one death in the 


rate, and two deaths in the group of recto- 
sigmoidectomies with sphincter preservation, 
a mortality of 7.6% (Tables 1 and 2). 

We have elected to show the survival rates 
for the two-, three-, four-, and five-year peri- 
ods. Two factors influence survival in cancer 
patients : The first concerns the type of cancer 
in terms of energy or dissemination potential, 
and the second is the type and extent of treat- 
ment. Patients having a cancer with a high 


Taste 2.—Mortality Following Carcinoma of Rec- 
tum, Rectosigmoid, and Lower Sigmoid at the 
University Hospital Service (October, 1945, 
to January, 1953) 


No. 
Patients Deaths Per Cent 


POU INE ON ocivs vecewsccnccacnes 54 5 9.2 
Exploratory, colostomy, or 
COCOREOTAY occccccscscceccese 10 3 20.0 
WOSSSCRDES ccccccccccccscccces t 44 3 6.8 
Abdominoperineal .......... 18 1 6.8 
Rectosigmoidectomy with 
sphineter preservation.... 26 2 7.6 


OPERATION FOR RECTOSIGMOID CARCINOMA 





dissemination potential probably succumb in 
the first two or three years and rarely reach 
the five-year survival level. Good and poor 
cancer operations should also be evident in 
these two-, three-, and four-year survival 
rates, and a low survival rate in these early 
years should be significant. In this university 
group with 44 resectable lesions, we per- 
formed a sphincter-preserving operation in 
26 patients. A rectosigmoidectomy No. 1 
procedure was accomplished in 20 patients. 
In this group there was a 2-year survival rate 
of 78.9%, a 3-year survival rate of 72.2%, 
a 4-year survival rate of 57%, and a 5-year 
TABLE 3.—Rectosigmoidectomy No. 1 in Twenty 
Patients at the University Hospital Service, with 


One Death (October, 1945, to January, 1953) 


No. 
Patients Per Cent 


Operated on 2 yr. ago or more..... 19 ese 
Surviving 2 yr. or more............ 15 78.9 
Operated on 3 yr. ago or more..... 18 ease 
Surviving 3 yr. or more............ 13 72.2 
Operated on 4 yr. ago or more..... 14 - 
Surviving 4 yr. or more............ 8 57.0 
Operated on 5 yr. ago or more..... 14 aceon 
Surviving 5 yr. or more............ 7 50.0 


TaBLeE 4.—Rectosigmoidectomy No. 2 at the Uni- 
versity Hospital Service, with One Death 
(October, 1945, to January, 1953) 


Survival 


No. Patients Period, Mo. 


Li. nccccccccccccccccccccccvecesccccccsccccoce 6 
Fevccccccccesccccuccensecscsccncscececsencce 21 
Lo ccccccccccccccccccececesccecececossoesocce 26 


survival rate of 50% (Table 3). This is a 
better two-, three-, and four-year survival 
rate than for our patients with abdomino- 
perineal resections (Table 3), although this 
is really of no significance, since in our 
enthusiasm to obtain some experience with 
sphincter-preserving operations the abdom- 
inoperineal operation was done only on those 
patients with more advanced cancer and 
those with the lowest lesions, where the 5- 
year survival rate has always been lower. 
The figure for the 5-year survival rate in the 
abdominoperineal group is of no value be- 
cause of too few cases. Unfortunately, we 
have not carried out many rectosigmoidec- 
tomy No. 2 procedures (Table 4) at the 
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university for the reason that most of the 
university patients have been operated upon 
by the resident group, and there was hesi- 
tancy on their part to carry out this procedure 
in addition to not having many cases of can- 
cer at the level where this operation is indi- 


TABLE 5.—Kectosigmoidectomy No. 3 in Two Pa- 
tients at the University Hospital Service, with 
One Death (October, 1945, to January, 1953) 


No. Patients Age Result 
DWacswaKose cee eNaseeee een 70 Lived 3 yr. 
Lecaudle chee snevaaneransbens 80 Died 


TABLE 6.—<Abdominoperineal Resection in Eighteen 
Patients at the University Hospital Service, with 
One Death (October, 1945, to January, 1953) 


No. 
Patients Per Cent 


Operated on 2 yr. ago or more..... 17 eves 
Sarviving 2 Fr. OF MOM... cccccee 9 52.9 
Operated on 3 yr. ago or more..... 15 wee 
Surviving 83 yr. OF MOTC..cccccccces 7 46.6 
Operated on 4 yr. ago or more..... 7 ° 

Surviving 4 YF. OF MOPM.cecccvccces 3 42.8 
Operated on 5 yr. ago or more..... 3 vees 
Surviving 5 yr. OF MOTC......ccceee 2 66.6 


TasLe 7.—Carcinoma of Rectum, Rectosigmoid, and 
Lower Sigmoid in Private Hospital Service 
(October, 1945, to January, 1953) 


No. 
Patients Per Cent 


TG IRI soe occikcscicicirisecs 130 ones 
OPOPAtEE: osoccccceccccccccceccecsceseses 121 93,1 
Exploratory, colostomy, cecostomy. 10 8.2 
RROBOGUOE: 0 cccsiccsscccccccccedsecccens oe 111 91.7 
ADGOMIBOPCTINGA] o0cccccciccdscccess 27 24.3 
Resection with sphincter preserva- 

GON. cecccccccsvcccsescces eoccccce S4 75.6 
Rectosigmoidectomy No. 1....... 63 
Rectosigmoidectomy No. 2....... 19 
Rectosigmoidectomy No. 8....... 2 

Received only fulguration treatment.. 3 ions 
Palliative Tesections ...c.cccsscsecvecse 15 13.5 


cated. Rectosigmoidectomy No. 3, a poor 
cancer operation, was done on two patients 
(Table 5). We have not excluded those pa- 
tients having a palliative resection in the 
university group. 

The private patient series is considerably 
larger. There were 130 patients with cancer 
of the rectum or rectosigmoid areas, and 121 
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TABLE 8.—Rectosigmoidectomy No. 1 at Private 
Hospital Service—Fifty-Four Curative Operations, 
with One Death (October, 1945, to January, 1953) 


No. 
Patients Per Cent 





Operated on 2 yr. ago or more..... 51 

Burviving 2 FF. OF MOWss.crccccvce 42 82.3 
Operated on 3 yr. ago or more..... 413 tose 
Surviving 8 yr. OF MOTE.<.ccoccesss 28 65.0 
Operated on 4 yr. ago or 35 cece 
Surviving 4 yr. or more........ 20 57.1 
Operated on 5 yr. ago or 28 

Surviving 5 yr. OF MOTE....cccceess 15 53.5 


patients were operated upon, an operability 
rate of 93.1%. There were 111 resectable 
lesions, a 91.7% resectability rate. A sphinc- 
ter-preserving operation was accomplished in 
84 patients, or 75.6%, and an abdominoperi- 
neal operation was done in 27 patients, or 
24.3% (Table 7). Of the 84 patients with 
sphincter-preserving operations, the recto- 
sigmoidectomy No. 1 was done in 63 in- 
stances. In nine patients of this group the 
lesion was so extensive or liver metastasis 
so evident that the resection and anastomosis 
was merely a palliative procedure. In the 
group of 54 where one entertained hope of 
cure, the two-year survival rate was 82.3%, 
the three-year survival rate was 65%, the 
four-year survival rate was 57.1%, and the 
five-year survival rate was 53.5% (Table 8). 

The rectosigmoidectomy No. 2 procedure 
was done as a curative operation in 19 pa- 
tients. For those lesions between the 5 and 
10 cm. level and lesions which are below the 


TABLE 9.—Rectosigmoidectomy No. 2 at Private 
Hospital Service—Ninetcen Curative Operations, 
with Two Deaths (October, 1945, to January, 1953) 


No 


Patients Per Cent 

Operated on 2 yr. ago or more..... 17 er 
Surviving 2 yr. OF MOFe.....ccccces 14 82.3 
Operated on 3 yr. ago or more..... 15 ave 
Surviving 3 yr. or more............ 11 73.3 
Operated on 4 yr. ago or more..... 14 ‘ 
Surviving 4 yr. OF MOTe...... 00 8 57.1 
Operated on 5 yr. ago or more..... 9 

Surviving 5 yr. OF MOTe.........00 5 55.5 


Two deaths were patients who had a cecostomy rather 
than a temporary colostomy. 

















SPHINCTER-PRESERVING OPERATION 
TaBLe 10.—Rectosigmoidectomy No. 3 in Private 
Hospital Service for Carcinoma of Rectum, Recto- 
sigmoid, and Lower Sigmoid (October, 1945, 
to January, 1953) 


Survival 


No. Patients Age Period, Mo. 
Rokctncncccnscccteeuccanccsaes 81 8 
Ditwosnaneueursecaskewenenaeus 80 16 


level of the reflection of the pelvic perito- 
neum, the two-year survival rate was 82.3%, 
the three-year survival rate was 73.3%, the 
four-year survival rate was 57.1%, and the 
five-year survival rate was 55.5% (Table 9). 
The rectosigmoidectomy No. 3 operation, a 
poor cancer operation, was done on two 
patients (Table 10). 

These survival rates are comparable to 
those for abdominoperineal resection with 
lesions at similar levels where reported 5-year 
survival rates vary between 45% and 55%. 
The two-, three-, and 4-year survival rate 
figures are not frequently reported in sur- 
vival statistics, but in our opinion such fig- 
ures are also of importance in evaluating any 
cancer operation. Previous to our interest in 
the sphincter-preserving operation, we had a 
5-year survival rate of 52% in one series of 
74 patients. During tiiis period when we have 
been interested in sphincter-preserving opera- 
tions, we have done 27 abdominoperineal re- 
sections of which 21 were curative procedures 
whereas 6 were merely palliative operations. 
Since these lesions were at the 5-cm. level 
or lower and the lesions in the rectosigmoid- 
ectomy series are above the 5-cm. level, one 
cannot make a true evaluation in comparing 


Taste 11.—Abdominoperineal Resection at Private 
Hospital Service—Twenty-One Curative Opera- 
tions, with No Deaths (October, 1945, 
to January, 1953) 


No. 
Patients Per Cent 


Operated on 2 yr. ago or more..... 21 . 
Surviving 2 yr. Or more.........0.. 18 85.7 
Operated on 3 yr. ago or more..... 19 evce 
Surviving 3 yr. or more............ 13 68.4 
Operated on 4 yr. ago or mfore..... 15 cece 
Surviving 4 yr. or more............ 9 60.0 
Operated on 5 yr. ago or more..... 11 ene 
Surviving 5 yr. or more............ 6 54.5 


FOR 





RECTOSIGMOID CARCINOMA 


the abdominoperineal resection and_ the 
sphincter-preserving operation. Nevertheless 
the figures do have some value. The two-year 
survival rate for the abdominoperineal resec- 
tion was 85.7%, the three-year rate was 
68.4%, the four-year rate was 60%, and the 
five-year survival rate was 54.5% (Table 
11). The similarity of figures is quite evident. 

In general, the two-, three-, and four-year 
survival rates for the abdominoperineal re- 
section and rectosigmoidectomy No. 1 and 
No. 2 procedures are very similar, and in 
both types of operation the five-year survival 
(Table 12). 
Dixon reports a five-year survival rate of 


67.7% 


rate is approximately 54% 


following anterior resection with 
sphincter preservation and a five-year sur- 


vival rate of 57.9% following abdominoperi- 


TABLE 12.—-Comparative Survival Rates at Uni- 
versity and Private Hospital Services 
(October, 1945, to January, 1953) 


University Private 

5-Yr. Survival Rate Patients Patients 
Abdominoperineal ............. 66.6%* 54.5% 
Rectosigmoidectomy No. 1.... 50.0% 53.5% 
Rectosigmoidectomy No. 2.... Only 3 55.5% 

Rectosigmoidectomy No. 3.... Only 2 Only 2 


* Because of interest in sphineter-preserving procedures, 
there are too few eases to be of value. 


neal resection. However, in this excellent 
report Dixon did not assume from these 
figures that the sphincter-preserving opera- 
tion is a better cancer operation than the 
abdominoperineal operation. There have been 
some reports giving the recurrence rate as 
a measuring stick for cancer operations. We 
are unable to place much value on these fig- 
ures. For example, Judd and Bellegie state 
that the recurrence rate in patients with 
sphincter-preserving operations with lesions 
between the 11- and 15-cm. level was 10.7% 
at one year and 30.2% at five years. We be- 
lieve that one should assume that if a recur- 
rence presented itself five years after opera- 
tion some malignant tissue must have been 


present at one year but could not be recog- 
nized and that the tumor was probably of 
low potential. 
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Reporting results of methods of treatment 
and types of operations is many times dis- 
turbing to the author and the reader, because 
the reader may be thinking about the same 
problem as the writer but of a disease of a 
different degree or some variation in loca- 
tion. Black and Kelly, in their article on 
reresection following recurrence in sphincter- 
preserving operations, speak of resecting the 
recurrence in seven patients and doing a re- 
anastomosis. In three of these patients they 
stated that an exteriorization procedure was 
done. By our criteria we would never classify 
a patient as being in the sphincter-preserving 
group if the lesion was so high that it could 
be exteriorized. Of our patients we include 
only those in whom the upper segment is 
anastomosed to a segment of rectum without 
peritoneum and it has been necessary to sepa- 
rate all the 


sacrum, incise the peritoneum of the pelvic 


structures from the hollow of 
floor, and separate the structures anteriorly 
and laterally. 

With quite similar survival rates to date 
for the abdominoperineal resection and the 
rectosigmoidectomy procedures with sphinc- 
ter preservation, we should be encouraged 
to conserve the sphincter mechanism more 
frequently in those lesions above the 5-cm. 
level. As experience increases and additional 
reports are made by a greater number of 
surgeons, it is possible that the safety level 
for sphincter preservation may be changed. 

There are other factors which may influ- 
ence the choice of operation, namely, the 
mortality rate and the complications. The 
mortality rate of rectosigmoidectomy with 
sphincter preservation has been a little higher 
but still not sufficiently so to be out of line. 
In the university series the mortality figures 
were 7.5% versus 5.5%, and in the private 
patient series they were 5.9% versus 3.7% 
(Table 13). The higher mortality figures 
were definitely influenced by the deaths early 
in our experience, when we were doing an 
anterior operation with anastomosis when a 
combined anterior and posterior approach 
should have been used. Also in the earlier 
cases we were depending on a cecostomy in 


952 








A. M. A. ARCHIVES OF SURGERY 
the patients with rectosigmoidectomy No. 2, 
when time and experience have proved, to us 
at least, that these patients should have had 
a temporary colostomy of the transverse 
colon. During the last four years, our mor- 
tality figure has been 4.1%, including both 
curative and palliative resections with the 
rectosigmoidectomy No. 1 and No. 2 pro- 
cedures. 

There is a definite threat of more compli- 
cations following anastomosis deep in the 
pelvis. Placing sutures deep in the pelvis is 
more difficult, the blood supply to the anasto- 
motic ends is less dependable and less ade- 
quate, and there is not the protection of 
adjacent intestinal loops or mesenteries in 
case of leakage. All these factors make any 
weakness of the suture line more hazardous. 


TaB_e 13.—Mortality at Private Hospital Service 
(October, 1945, to January, 1953) 


No. 
Patients Deaths Per Cent 
0 ie iicincbvaccenusione 121 9 7A 
Exploratory, colostomy, or 
SED ccvctcvncroncerere 10 3 30.0 
SEE Sissacsapeccteiccrss 111 6 5.4 
Abdominoperineal .......... 27 1 3.7 
Reectosigmoidectomy with 
sphineter preservation.... S4 5 5.9 


Note: During the last four years the mortality rate has 
been 4.1% for the curative and palliative resections with 
rectosigmoideetomy No. 1 and No. 2 operations. 


We believe that adequate decompressive 
measures and proper pelvic drainage are 
indicated in all these patients. Dependent 
drainage of the region in the hollow of the 
sacrum is accomplished by having the drain 
come out posteriorly in the coccygeal area. 
This prevents puddling of old blood or serum 
around the suture line, and if fecal drainage 
does occur the tract can be irrigated poste- 
riorly until proper healing has taken place. 
The supplemental cecostomy in the recto- 
sigmoidectomy No. 1 patients and the tem- 
porary colostomy in the rectosigmoidectomy 
No. 2 patients protect the suture line against 
intraintestinal pressure, and if leakage does 
occur side-tracking of the fecal contents pro- 
motes more rapid healing and closure of the 
fistulous tract. In this series of patients 30% 
developed true or suggestive fecal drainage 
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following the rectosigmoidectomy No. 1 pro- 
cedure, which is anterior dissection, resec- 
tion, and anastomosis with drainage of the 
presacral space established by a small incision 
posteriorly along the coccyx. Usually drain- 
age ceases in one week, although a few pa- 
tients developed a stubborn posterior sinus 
which did not close for several weeks to 
several months. About 50% of the patients 
developed some fecal drainage following rec- 
tosigmoidectomy No. 2, which was abdominal 
dissection followed by removal of the coccyx 
and posterior resection and anastomosis, be- 
fore we resorted to the temporary colostomy 
with this procedure. In two patients following 
rectosigmoidectomy No. 1 and in three pa- 
tients following rectosigmoidectomy No. 2, 
it became necessary to establish a temporary 
colostomy of the transverse colon before 
satisfactory healing occurred. However, we 
were eventually able to close the colostomy 
in these five patients. Incidentally, two of 
these patients are now living beyond five 
years, two beyond three years, and one died 
of recurrent carcinoma. It was the higher 
incidence of a temporary delayed colostomy 
following rectosigmoidectomy No. 2 and the 
more stubborn posterior sinus tracts as well 
as two deaths ihat convinced us that a tem- 
porary colostomy of the transverse colon was 
necessary in all patients with the rectosig- 
moidectomy No, 2 operation, A large No. 36 
cecostomy tube has been sufficient for decom- 
pression and. side-tracking in the rectosig- 
moidectomy No. 1 operation. Of course we 
have all had some experience with stubborn 
posterior drainage sinuses following abdom- 
Inoperineal resection. 

Narrowing of the intestinal lumen is 
usually apparent by digital examination, 
proctoscopic examination, or barium enema 
studies. Usually this is of no significance as 
long as the area admits the index finger or 
a No. 14 Hegar uterine dilator. The Hegar 
uterine dilators are very convenient for dila- 
tation or evaluation of the higher anasto- 


moses. 


To date, every patient has had satisfactory 


sphincter control, and we attribute this to our 
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practice of leaving both the internal and the 
external sphincter muscles intact and also not 
dilating this mechanism to deliver the bowel, 
as is necessary in the various types of pull- 
through operations. At one time in a small 
series of this group of patients, we tried using 
some nonabsorbable surgical (silk) sutures 
for the mucosa, against our better judgment. 
Considerable suture-line sloughing occurred 
in two of these patients, resulting in exces- 
sive rectal secretions. Sphincter control was 
not satisfactory in these two patients for a 
period of several months. After we removed 
the loose hanging sutures through a short 
proctoscope, sphincter control immediately 
became adequate and the patients had no fur- 
ther difficulty. Also three patients developed 
too much narrowing at the site of anasto- 
mosis and complained of anal discharge suff- 
cient to soil their clothing. After the stricture 
was dilated as previously described, there 
was no further leakage and control was satis- 
factory. In several of our patients where 
recurrence has developed locally in the hollow 
of the sacrum or at or near the suture line, 
some anal leakage or incontinence has ap- 
peared as the symptom. 

We have had the opportunity to reoperate 
upon seven patients who had recurrent car- 
cinoma in or near the site of anastomosis in 
the pelvis but who did not have evidence of 
distant metastases before this secondary 
operation. By periodic abdominal, rectal, and 
proctoscopic examinations, preferably every 
three to four months during the first two 
years, one should be able to make an earlier 
diagnosis of recurrent malignancy in these 
patients than in patients who have had an 
abdominoperineal resection where the lesion 
must become rather large before it is notice- 
able by perineal or abdominal palpation. At 
the secondary operation, varying from one 
to three vears after the rectosigmoidectomy 
procedure, four patients had extensive local 
recurrence in the pelvis and the surgeon was 
unable to do an abdominoperineal resection. 
Three of these patients also had demonstrable 
liver metastasis. A colostomy was done in 
three patients, and in the fourth patient the 
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abdomen was closed without further surgery, 
for there was not a sufficient obstructive 
factor developing. In the other three patients 
we did an abdominoperineal resection. These 
patients lived another 18, 16, and 14 months, 
respectively. We have not attempted radia- 
tion therapy in patients with recurrent car- 
cinoma because our experience in the past 
with the primary lesions proved that these 
malignant tumors of the rectum were mark- 
edly radioresistant. In three patients fulgura- 
tion through the proctoscope has helped, 
temporarily at least, and a colostomy was 
averted. Black and Kelly have recently re- 
ported on the treatment of recurrent car- 
cinoma of the rectum and rectosigmoid fol- 
lowing sphincter-preserving operations, and 
they believe that radium has been of definite 
value in a small percentage of the patients. 
It may be that recurrent lesions are more 
radiosensitive than the primary lesion, At 
least radium or fulguration should be con- 
sidered for recurrent lesions, for their results 
as well as our own following reresection (ab- 
dominoperineal) were not too encouraging. 

We have tried to determine just how much 
interference or change in sexual potency has 
resulted from the rectosigmoidectomy opera- 
tion as compared with the abdominoperineal 
resection. This is a delicate problem, and we 
have proved to ourselves that questionnaires 
answered by mail are of little value. Again 
there is the factor of age, with a natural de- 
cline in sex life, and probably any mental or 
physical shock is just enough to erase any 
desire. It has also been interesting to us how 
inaccurate the first answer to direct ques- 
tioning may be. After gaining the confidence 
of the patient and after some free discussion, 
the final answer may be entirely different 
from the earlier remarks. This is well ex- 
emplified by a recent discussion of the sub- 
ject with a man who had had a rectosigmoid- 
ectomy No, 2 operation. The discussion was 
in the presence of his wife. When the patient 
was interrogated, he answered that practi- 
cally all urge and activity had disappeared, 
although admitting that something had been 
done very occasionally. His wife immediately 
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spoke up and stated that it was more than on 
rare occasions and that he was just as active 
as before his operation. Which was the cor- 
rect answer? have been able to 
ascertain that some of the older men whose 


Also we 


sex life had probably waned or disappeared 
before operation were now in a position to 
place complete blame for the incompetency 
on a major operation. Therefore, we decided 
not to accept our answers to the question- 
naires but to take a smaller group of patients 
where we that sexual 
potency was present before the surgery and 


were more certain 
that the patients were the type whose answers 
were probably not influenced by psycho- 
logical barriers or embarrassment. We were 
able to select 11 men and 6 women who had 
had rectosigmoidectomy operations and who 
would fit into the category just described. 
Fight (72.7% ) of the men and five (83.3% ) 
of the women stated that the sex function or 
desire was still present and was reasonably 
satisfactory. At this time we have also inter- 
viewed nine men and four women similarly 
classified who had had an abdominoperineal 
resection during this same period or some 
(11.1%) 
had any resemblance of remaining sex func- 


years previously. Only one man 
tion but two (50%) of the women had some 
remaining sex function. Of course these cases 
are small in number as compared with the 
number of operations performed, but the 
patients were so carefully screened as to their 
sex life just previous to surgery that the 
figures must be much more accurate than the 
answers given in the questionnaires. 

In our experience with cancer we have 
that 
tumors may be roughly classified into three 


developed a philosophy malignant 
groups. In the first group the tumor has very 
little virulence and tends to remain a local 
disease even if not removed. It seems to hang 
onto the host like a leech and undergo ulcera- 
tion and sloughing, but finally, after some 
years, the patient succumbs as a result of 
local extension and its complications, or the 
tumor may even result in rather energyless 
Here we have results, 


metastases. good 


almost regardless of whether we do adequate 
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local surgery or an extensive radical pro- 
cedure. As this paper is being prepared, we 
are seeing a woman who has had a malignant 
breast tumor for four years which is an ulcer- 
ating mass but yet is remaining a_ local 
disease and there is no evidence of metastasis. 
One would assume that adequate local exci- 
sion several years ago would have been suffi- 
cient. We have also followed patients with 
carcinoma of the rectum who have refused 
operation and yet have lived for a number of 
years. In the second group the cancer is wild 
and energetic, with a high dissemination po- 
tential and rapid spread, and our therapeutic 
efforts are usually in vain. The third group 
of malignant tumors contains the greatest 
number, and the cancer seems to be undeter- 
mined or hesitant about its energy and 
course, yet it gradually takes over the host, 
although it can more or less be fairly well 
controlled with appropriate treatment. It is 
in this group of patients where our more 
extensive operations are used, possibly with 
supportive radiation therapy and attention to 
details, that the difference between poor re- 


sults and good survival rates will be evident. 


SUM MARY 

The survival rates for the two-, three-, 
four-, and five-year periods in patients with 
rectosigmoidectomy operations with preser- 
vation of the sphincter mechanism are com- 
parable to those for patients with abdomino- 
perineal resections. At the five-year period, 
this approximates 54%. The mortality rate 
tends to be just a little higher for the resec- 
tion and anastomosis procedures, although 
excluding our earlier deaths, when technical 
factors were not as clearly understood, the 
mortality rate is practically the same. Suture- 
line complications are commoner, but by 
posterior drainage and proper decompressive 
measures they are usually only of a tempo- 
rary nature, Sexual potency appears to be 
retained in about 75% of the patients follow- 
ing rectosigmoidectomy with sphincter pres- 
ervation, as compared with a loss of sexual 
potency in about 75% or more in patients 


with abdominoperineal resection. 
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30th the surgeon and the patient experi- 
ence a feeling of satisfaction when a colos- 
tomy has been averted. However, the sur- 
geon must not make any absolute promise to 
the patient before surgery about averting a 
temporary or permanent colostomy, for this 
would compromise the surgeon’s good judg- 
ment as to the choice of procedure at the 
operating-room table. It is particularly grati- 
fying to do a low resection and anastomosis 
(rectosigmoidectomy No. 1) and avert a 
colostomy in those patients with a resectable 
lesion but who have metastatic lesions present 
in the liver. 
DISCUSSION 
Lor, Seattle: Dr. Best is to be 
congratulated on the good results in the five-year 


Dr. Ratepu H. 


survival rate with his No. 1 and No. 2 types of 
resection. 

In the last 10 years, instead of doing this type 
of procedure I have been doing a sphincter-pre- 
serving type of operation of the pull-through type, 
with similar results. 

Dr. Best briefly mentioned the home life of these 
particular patients. It is my purpose to discuss 
that problem rather than to raise the question of 
the place and merits of the pull-through versus 
the anterior resection operation. 

I might label this discussion, then, “The Home 
Life of Two Pull-Throughs.” The first one is a 
woman of 40 on whom I did a_ pull-through 
operation for carcinoma of the rectum, approxi- 
mately 6 cm. from the anus, nine years ago. She 
came to see me nine months after her operation, 
complaining bitterly that she was developing an 
abdominal tumor. 

In a sort of joking way I said, “I suppose you 
are pregnant.” She said, “No, I can’t possibly 
be pregnant. I have been married for 20 years and 
never even had a miscarriage.” 

However, she was pregnant. She was delivered 
by Caesarean section by an obstetrician. | inspected 
the abdomen at that time, and there was no evidence 
of metastasis. She now has a daughter 8 years 
old, and the mother is living and in good condition. 

The second case was that of a man whom I 
saw in follow-up for some period of time. He 
didn’t say anything about his home life, but about 
nine months after surgery he said, “Well, I’m 
okay, Doctor, but my wife says I am a flop at 
home.” 

I didn’t know what to do with him but tried 
various types of drugs, such as _ sympathetic, 
parasympathetic, and smooth muscle stimulators, 
but arrived at no answer whatever. Six months 
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later he came in and announced that he was im- 
proving. Three months after this he said, “I have 
the answer to the whole business. I have found 
out that if I am constipated everything is fine.” 

His wife now controls this very well by giving 
him prune juice some mornings. 

Dr. R. Russert Best, Omaha: First I should 
like to thank Dr. Loe for his remarks. I had hoped 
that he would explain this retention of some sexual 
potential. As far as the first patient was concerned, 
she simply relaxed. 

Dr. Mayo has 
problem that confronted us, namely, this area which 


I would say 


certainly presented the same 
we call the 5- to 10-cm. area (he goes a little lower 
and a little higher). Just why these figures are 


don’t know. 


turning out this 
We do not have the 


Way, we certainly 


answer. 
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Review of Fifty Cases 


CHARLES W. MAYO, M.D. 
and 
LEO T. DELANEY Jr., M.D., Rochester, Minn. 


The ditterentiation of diverticulitis and 
carcinoma of the colon has been long recog- 
nized as a difficult problem. The present 
study does not attempt to give the differen- 
tial diagnosis of these conditions by analysis 
of the signs and symptoms in separate series 
of patients with diverticulitis or carcinoma, 
for this has been done on numerous occa- 
sions. It does deal with cases in which 
carcinoma and diverticulitis of the colon 
occurred together, including a comparison 
with some of the findings in two separate 
studies made by one of us (Mayo) and 
associates * on diverticulitis and on car- 
cinoma. The cases in these various studies 
have been observed during overlapping 
periods of time at the same institution under 
similar circumstances of medical diagnostic 
work-up and with the same = group. of 
surgeons, 

MATERLAI 

Records of 85 cases in which diverticulitis and 
carcinoma supposedly occurred together were found 

the files of the Mayo Clinic during the 10-year 
period of 1940 through 1949. The diagnosis in 50 
was proved at operation or necropsy. These 50 
proved cases form the basis for our study. 

Read at the 63d Annual Meeting of the Western 
Surgical Association, Seattle, Dec. 2, 1955. 

Section of Surgery, Mayo Clinic and Mayo 
Foundation (Dr. Mayo), and Fellow in Surgery, 
Mayo Foundation (Dr. Delaney). The Mayo Foun 
dation, Rochester, Minnesota, is a part of the Grad 
uate School of the University of Minnesota. 


* References 1 and 2 


RESULTS 


The oldest patient in the group was 82 
vears of age, and the youngest was 41; 
the latter was the only one less than 50 years 
of age. The average age of the group was 64 
vears. There were 35 men and 15 women. 

Symptoms—The commonest chief com- 
plaints are listed in Table 1. Pain was the 
most frequently encountered symptom, 38% 
of the patients registering this complaint. 
Other chief complaints, noted in less than 
10% of the patients, included fever, nausea, 
loss of weight, or decrease in the caliber 


ot stools. The histories in 17 cases gave 


Taste 1.—Colonic Diverticulitis and Carcinoma; 


Chief Complaints in Fifty Cases 


Symptom Cases Per Cent 
Pee ere TTT ee ree 19 38 
Bleeding...... a? ‘ ° 17 Be 
Constipation aanwins 12 44 
Diarrhea..... Pee F . In 20 
Distention ‘ oa es > 10 
Multiple chief complaints were present in some eases 


some evidence to indicate that one or more 
previous episodes of diverticulitis probably 
had occurred, whereas such episodes prob- 
ably had not occurred in 16 cases; the situa- 
tion with regard to prior diverticulitis was 
equivocal in the remaining 17 cases. 
Operations and Procedures —< total of 
OS operations and 74 separate surgical pro- 
cedures were done on these 50 patients. 
When colostomy was performed in conjunc- 
tion with resection in the first stage of a 
two-stage combined procedure, it was con- 
sidered a single operative procedure at the 
first stage. Llowever, if the bladder also was 
resected, for example, two procedures were 
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TasL_eE 2.—Colonic Diverticulitis and Carcinoma; A study was made of the site of diverticu- 
Location of the Lesions in Fifty Cases litis in relation to the location of the car- 


cinoma in the same case. Diverticulitis in- 


Car- _— Diverticu- 


Location cinoma _litis volved only the same region of intestine 
COPED DI isch seco saws anenctencs 0 ° ° ° 
relia : as did the carcinoma in 18 cases. It was 
IE. ec icccsncdcccncsaasscesese ) 0 
Ripper POCA Sac wanic.cessceccondceaies 7 2 found at the same level and below, or below 
BOWE MEMOIR cic icciccsccceccceccas 7 8 — ee -_ a ne ae 
eae ela we - only, in 16 cases. Diverticulitis was present 
RIS PER MNBINOIAS 6055 cccsnsssintevare 6 5 at the same level and above in four cases. 
Descending Colon............ceeceeee 5 £ ° ° ° ie, : 
nace ‘ In none did diverticulitis involve all three 


zones relative to the carcinoma, namely, 
tabulated. There were 21 anterior resections, above, below, and at the same site. 
6 one-stage and 6 two-stage combined ab- Pathologic Aspects. — An inflammatory 
dominoperineal resections, and 6 exterioriz- ™ass was said to be present in 28 cases 
ing resections. Colostomy alone was done (56%) at the time of operation or at nec- 
on 11 occasions, whereas transcolonic ex- Topsy in unresected specimens. An inflam- 
cision of polyps was done in + cases and matory gross mass was definitely absent in 
extraperitoneal resection in 2. A total of 12 14 other cases. In the remaining 8 cases, 


other miscellaneous procedures involving a decision could not be reached on the data 


Taste 3.—Colonic Diverticulitis and Carcinoma; Grade of Malignancy and Spread in Forty-Six Cases 








Grade of Cases 
Malignancy ~ Area of Spread * 
of Adeno- Without — — 
eareinoma Total Spread Direct Lymphatic Venous Distal 
Arkaba sods wansioreciiedamae CobrensweeeKeke 16 13 1 2 0 0 
Pa OT ee COE eee a ernie eee a 16 7 1 8 1 3 
ET eT eT CC CT eT 2 0 1 1 0 2 
Mixed 1 and ¢ I 1 0 0 0 0 
PE EE Rh aitaccienc sch cnataraenrsesacasaneis 2 0 0 2 1 0 
Grads 2 1D: GN: RAGNOME.: 65.660 cesccscdoncecewase 9 9 0 0 0 0 


* Several areas of spread were present in some eases, 


various parts of the small intestine and the available. In most cases the masses, when 


genitourinary organs were done. One diver- present, were secondary to diverticulitis, 

ticulum was inverted. hut several apparently were caused by ulcera- 
Location.—As might be expected, the site tive and perforating carcinoma. 

of diverticulitis was in the sigmoidal region Table 3 indicates that the degree of malig- 

in 90% of the cases (Table 2). The car- nancy of 66% of the tumors was graded 


cinomas also were found in the sigmoid either 1 or 2 (Broders’ classification). All 
in the majority of the cases (54%), only of the lesions were adenocarcinomas unless 
30% being present in the rectum. Because otherwise stipulated. Grade 1 adenocarci- 
carcinoma is found more frequently in the nomas occurring in adenomas were present 
lower reaches of the large intestine than it in nine cases. Three tumors were of mixed 
is in the upper portions, carcinomas that grades, and there were two Grade 3 car- 
were described as being located, for example, cinomas. Two tumors were not graded. Two 
in the rectosigmoidal region were arbitrarily other tumors were not adenocarcinomas of 
tabulated in the upper part of the rectum the colon. One was an adenoacanthoma oc- 
rather than in the lower part of the sigmoid. curring in the intestinal wall and producing 
For the sake of consistency, the same was obstruction three years after a panhysterec- 
done in a few cases in which the site of tomy for this lesion. The other was a Grade 
diverticulitis was borderline. 3 papillary adenocarcinoma of the ovary 
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recurring in the same fashion three years 
after previous appropriate surgical treat- 
ment. These last-mentioned four lesions are 
not included in Table 3. 

Table 3 also summarizes the recorded 
spread and metastasis at the time of opera- 
tion as determined by microscopic study of 
the resected surgical specimen or the mate- 
rial removed for biopsy. There was no evi- 
dence of extension of the tumor outside the 
limits of the resection in 30 cases. Tumors 
of a higher degree of malignancy were as- 
sociated with a proportionate increase in the 
percentage of cases in which extension 
already was present at the time of operation. 
\dequate examination for venous involve- 
ment in the resected specimens was not 
always possible ; involvement of lymph nodes 
also was present in the two instances in 
which venous spread was found. 

Follow-Up—Two patients were lost to 
follow-up in the past year; one of them had 
heen followed for more than five years with- 
out signs of recurrence. This represents a 
96% over-all follow-up, with a 98% follow- 
up as far as five-year survival is concerned. 

Three hospital deaths occurred, represent- 
ing a 6% hospital mortality rate. According 
to the latest data, 22 patients were still 
alive, indicating a 44% total survival rate. 
All 22 had lived more than five years from 
the time of operation. Three other patients 
survived more than five years but died 
later, giving an over-all 50% five-year sur- 
vival rate. 

If one disregards the four patients who 
underwent palliative procedures because me- 
tastasis to the liver was present at the time 
of operation and one patient who could not 
be operated upon, the five-year survival rate 
increases to almost 60%. None of the pa- 
tients who had involvement of the veins 
and only one who had involvement of lymph 
nodes survived for five years. 

Of those surviving more than five years, 
the patient who had adenoacanthoma is sus- 
pected of having recurrence and one patient 
subsequently has experienced development 
of another tumor with nodal involvement 


after five years. 





DIVERTICULITIS AND CARCINOMA 


Delay in Treatment.—The preoperative 
diagnosis or operative impression at the 
first stage of surgical treatment (usually a 
colostomy) in 12 cases was not that of 
carcinoma, whereas the presence of a malig- 
nant lesion was correctly surmised in the 
remaining 38 cases. The average time from 
the onset of symptoms until initial surgical 
intervention was undertaken was six months 
in 46 of the cases. This time in the remaining 
four cases was not included in the average 
because it would greatly increase the aver- 
age of the main group in view of the fact 
that the initial symptoms in these four in- 
stances dated back from 5 to 20 years before 
operation. There was a delay from the time 
of initial operation until the time of resection 
of the carcinoma in 13 cases; this delay 
averaged four and one-fourth months. 

Two-stage procedures, such as in some 
combined abdominoperineal resections, were 
not considered in the computation of this 
average delay if the stages took place within 
one month of each other, because this would 
not constitute inadvertent delay in face of 
the increased risk that prompted selection 
of such surgical procedures. 


COMMENT 

Presenting symptoms, in the form of chief 
complaints, may be helpful guides because 
they are the ones most paramount to the 
patient at the time he consults his physician. 
However, diligence and persistence in taking 
the history often will demonstrate, but with 
decreasing accuracy in proportion to the 
patient’s memory, other symptoms that are 
just as important, or perhaps more so, in 
determining the onset of the disease or in 
making the differential diagnosis. Among 
the symptoms elicited in either diverticulitis 
or carcinoma of the colon, loss of weight is 
often subjectively overshadowed by other 
chief complaints. Rowe and Kollmar,® in an 
excellent review of the association of these 
two diseases, pointed out that a strong sus- 
picion of the presence of a malignant lesion 
is justified if loss of weight and bleeding 
occur; this combination is relatively less 
frequent in diverticulitis alone. Others have 
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found bleeding to be more frequent in 
diverticulitis than the incidence of 8% noted 
in the aforementioned review of diverticulitis 
( Mayo) Blunt ?; 
contrasts to the rate of 34% in our present 


by one of us and this 
series of cases in which carcinoma also was 
found. While 
noted in 41% of the cases of diverticulitis 
in the series just referred to, the incidence 


obstructive symptoms were 


appears to be greater in the present series, 
as evidenced by the percentages of pain, 
usually cramplike, progressive constipation, 
and distention. 

Stress is placed on the symptoms of car- 
cinoma, such as obstruction, loss of weight, 
and bleeding, because the patient’s situation 
is not improved if diverticulitis alone is 
accurately diagnosed at the same time that 
the 


overlooked. 


presence of coexisting carcinoma is 
If physicians are increasingly 
aware of the possibility that diverticulitis 
may mask carcinoma, more of these patients 
will receive earlier surgical treatment. When 
the suspicion of the association of these two 
lesions is first entertained at the initial opera- 
tion, it is advocated that more primary re- 
sections be considered; if this is infeasible 
at the time, reevaluation for reexploration 
should be undertaken sooner than is now the 
custom. 

In only 12% of the cases was the region 
involved by diverticulitis entirely below the 
level of the carcinoma. The question can be 
raised as to why more carcinomas in this 
series were found in the sigmoidal region 
than were found in the rectum. Perhaps 
some predisposing factor is present in the 
carcinomas that do develop in the sigmoid, 
in proximity to sites affected by diverticu- 
losis, so that they contribute in some cases 
to the development of diverticulitis as a 
result of the obstructive, stasis-producing 
nature of these carcinomas. 

As already mentioned, 9 of the 50 tumors 
were Grade 1 adenocarcinomas occurring in 
adenomas. Such lesions represent the most 
favorable of all surgically treated carcinomas 
of the colon. If these lesions are excluded 
from the series, the absolute five-year sur- 
vival rate becomes 39%, including the cases 
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in which palliative procedures were done, 
those in which the patient could not be 
operated upon, and those in which hospital 
deaths occurred. Resection rather than trans- 
colonic excision or fulguration from below 
was indicated in most of the Grade 1 adeno- 
carcinomas occurring in adenomas in this 
series because of the presence of diverticu- 
litis. 

In a recent study of more than 1000 pa- 
tients who had carcinoma of the colon and 
who were operated on at the Clinic by 
means of one-stage or two-stage combined 
procedures or anterior resection, the over-all 
five-year survival rate was 52.5%." 

The survival rate of 39% in our present 
series thus represents a considerably lower 
survival, presumably because of the attendant 
difficulties arising in the diagnosis and treat- 
ment of this group of carcinomas because 
of the coexisting diverticulitis. As already 
indicated, the diagnosis of carcinoma was 
not made on initial examination in one 
quarter of the cases in this series. 

Responsibility for delay of surgical treat- 
ment in these cases lies partly with the 
patient, who does not report to the physician 
soon enough, and partly with the physician, 
who treats the patient for diverticulitis 
alone, not suspecting the presence of car- 
cinoma. Long delay between the time of 
initial Operation and the time of subsequent 
resection is almost always the responsibility 
of the surgeon and usually is because of 
his misimpression. 

Although the total number of reported 
cases of carcinoma and diverticulitis occur- 
ring concomitantly is less than 100, many 
cases undoubtedly have not been reported.t 
Rowe and Wollmar * reviewed the literature 


in 1952 and found reports of 62 definite 
cases ; they added 7 cases of their own. Later 


se 
in 1952, Morton ® reported 18 cases in detail. 
Another significant contribution of six more 
cases was made by Shaiken,® in 1954. Many 
other too to list, have 


reports, numerous 


made reference to the problem of the co- 
existence of carcinoma and diverticulitis, and 
some have mentioned isolated cases. 


+ References 3-5. 
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It would be most difficult to ascertain the 
exact incidence of the concomitant occur- 
rence of these lesions. Diverticulosis is re- 
ported to be present in as many as one-third 
of all adults,t and diverticulitis is reported 
to be present in about 10% of persons who 
have diverticulosis.?, With 25% of colonic 
carcinomas occurring in the sigmoid,$ it 
would appear that the association of these 
lesions may well occur in many more patients 
than the literature would indicate. 


SUMMARY AND CONCLUSIONS 

A review has been made of the records 
of 50 patients who had both diverticulitis 
and carcinoma of the colon at the same time 
and who underwent surgical treatment at 
the Mayo Clinic during the 10-year period 
of 1940 to 1949, inclusive. 

A comparison of survival rates indicates 
that the results of surgical treatment are 
considerably less favorable when diverticu- 
litis is associated with carcinoma than they 
are when carcinoma exists alone. 

The association of various degrees of 
diverticulitis with carcinoma, while rela- 
tively rare, is perhaps commoner than is 
generally indicated. 

An analysis of certain factors that appear 
to be important regarding the final outcome 
of these cases is offered in an effort to 
stimulate increased suspicion on the part of 
the physician when he encounters similar 
cases. 

A more aggressive attitude is advocated 
in the treatment of these lesions when the 
suspicion is entertained, in order to minimize 
delay in offering the patient earlier resective 
surgical treatment. 


DISCUSSION 

Dr. Frep T. Kotoucn, Twin Falls, Idaho: I am 
going to discuss this paper more from the public 
health viewpoint rather than as a surgeon. 

We all know that we cannot cure cancer when 
we treat it in its late stages, in spite of the all- 
American operations—North American, South 
American, and so on. I am in an area where educa- 
tion of both the public and even the doctors of “the 


a 
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other medicine,” which Dr. Mason discussed, needs 
a stimulus. Therefore, I am going to demonstrate a 
technnique in education which has been effective 
in Idaho. The following slides show the importance 
of knowledge of the privy habits of our patients in 
order to detect the early signs and symptoms of 
bowel cancer : 

[Slide] In Idaho we attempt to teach our medical 
men to be privy watchers. This is one of our citizens 
on his daily trip. The individual physician must 
keep his senses attuned to the crescent on the door 
in order to determine the early symptoms of cancer 
of the bowel. 

[Slide] He must watch the patient for slight 
changes in bowel habits. The first person shown 
here is enjoying his normal bowel rhythm, which 
is an individual problem with each one of us. The 
second person has slight abdominal distention. 

[Slide] The next person has a new diarrhea or 
constipation interrupting his normal bowel habits. 
Finally, this pallid man noticed a small amount of 
blood in his stool. 

[Slide] We try to impress upon our men that 
we do not like to get these patients who need a 
very radical resection to save their lives, and we 
teach them to find the patients before they reach 
the late manifestations of colon cancer. 

[Slide] Finally, we feel that this person is the 
man who is going to improve our results in the 
treatment of colon cancer—the alert physician with 
a high index of suspicion. 
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INTRODUCTION 

Confronted by a case of meconium ileus 
with complicating meconium peritonitis, one 
of us (TT. D. T.) side-tracked the obstruction 
by means of an ileocolostomy and provided 
immediate decompression with a proximal 
Witzel ileostomy. The results were satis- 
factory enough to warrant the application of 
this technique to a subsequent uncomplicated 
case of meconium ileus, and these experi- 
ences form the basis of this report. 


HISTORY 


Meconium ileus is a mechanical obstruc- 
tion of the bowel noted usually during the 
first 48 hours of life and caused by the 
presence of an abnormally thick, exceedingly 
tenacious meconium in the terminal ileum, 
This condition was described by Landsteiner ' 
(1905), and a relationship to fibrocystic 
disease of the pancreas was established by 
him. ‘The preponderance of subsequent 
thought was that the absence of pancreatic 
secretion from the intestine prevented diges- 
tion and liquefaction of the meconium and 
allowed its inspissation in the terminal ileum. 
Farber * (1942) demonstrated changes simi- 
lar to those in the pancreas involving secre- 
tory glands in many parts of the body, and 
in 1943 the term 


applied to an entire condition of which fibro- 


““mucoviscidosis” was 





Read at the 63d Annual Meeting of the Western 
Surgical Association, Seattle, Dec. 2, 1955. 

Resident in Surgery, Iowa Methodist Hospital 
(Dr. Porter). 
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cystic disease of the pancreas was considered 
a part. It was proposed that an abnormal 
and highly viscid mucus was secreted by the 
pancreas, salivary glands, and the mucosa of 
the trachea, bronchi, and intestine, thus pro- 
viding an explanation not only for meconium 
ileus but also for fibrocystic disease of 
the pancreas and the corollary pulmonary 
changes so commonly observed. This attitude 
was confirmed by Rapoport and associates 

(1950) when they found an abnormal muco- 
protein in the meconium of these patients. 
Di Sant’Agnese and associates * (1953) 
found constant abnormalities in the sweat 
electrolytes of these patients as well, noting 
a remarkable elevation of both sodium and 
chloride concentrations. This finding, con- 
firmed by the maternal observation that these 
children “tasted salty” when kissed, serves 
as the basis for the present day “sweat test,” 
considered by many as diagnostic of this 
entity. Kagan ® (1955), commenting on the 
abnormalities of both mucous and serous 
glands, has coined the term “eccrinosis” as 
most descriptive of this syndrome—indicat- 
ing a dysfunction of glands of external 
secretion in general, 

Be it fibrocystic disease of the pancreas, 
mucoviscidosis, or eccrinosis, the fact remains 
that meconium ileus is the earliest manifesta- 
tion and the most acutely grave complication 
of the generalized disease. 


DIAGNOSIS 


The diagnosis and treatment of meconium 
ileus is a matter of considerable urgency and 
cannot await some of the niceties now avail- 
able for confirmation. The sweat test, duo- 
denal fluid enzyme assays, viscosity deter- 
minations, and 


others are not indicated 
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5. We deem a further finding of great 

z= i value in such cases. Careful digital examina- 
tion reveals a tiny, tight, and funnel-shaped 

rectum. This in our minds indicates a lack 
of function and points to atresia, stenosis, 





idiopathic megacolon, or meconium ileus. 








- This tiny rectum, indicative of a hypoplastic 








i 
: ‘ colon, has been repeatedly observed as an 
incidental clinical finding but has never been 














d singled out as of great diagnostic value. We 
r believe this finding should be dignified as a 
. feature of considerable diagnostic importance. 
of " al 
Fig. 1—lIleotomy and irrigation with saline a 
= (pancreatin, peroxide, and hyaluronidase solutions 
n have also been used). Died—3; cured—5 (Hiatt and 
vf Wilson *), 
y ‘ ; ; 
prior to treatment. [actors to be weighed 
e § 
are these: 
: 1. A newborn infant has increasing ab- 
dominal distention and signs of mechanical 
) intestinal obstruction. 
t 2. No meconium is passed. 
; 3. Multiple, firm masses may be palpable 
in the abdomen, especially toward the right 
j lower quadrant. 
| 
4+. A scout film of the abdomen reveals a 
number of dilated loops of small bowel of 
variable caliber and no gas in the colon. 
: ‘ . “* . 
Granular densities are noted in areas and 
represent inspissated meconium. Fig. 3-—-Resection of plugged termienl Salm; 
end-to-end anastomosis. Died — 2; cured — 0 
(Gross 5). 
Fig. 2.—Gastrostomy and intubation of intestine. 
Died—1 ; cured—0 (Gross 8). TREATMENT 


With such findings at hand, a diagnosis of 
acute, mechanical intestinal obstruction, prob- 
able meconium ileus, is warranted. The 
treatment is immediate surgery, and much 


progress in the selection of a proper opera- 
tion has been made in the past 10 years. 

; Ladd and Swenson ° (1945), in writing of 
intestinal obstruction of the newborn, related 


the remarkable advance made in the under- 
standing and treatment of atresias, stenoses, 
malrotations, etc., but these authors men- 
tioned the almost hopeless outlook in the 
E> therapy of meconium ileus. Hiatt and Wil- 
, son? (1948) reported five cures in eight 
cases using ileotomy and irrigation of the 
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and Died—1; 


4.—Lleostomy 
(Gross $). 


Fig. 


ured—0 


cecostomy. 


plastic, obstructing meconium from the intes- 
tine with saline solution and _ occasionally 
instilling a 5% pancreatin solution before 
closing the ileotomy (lig. 1). Others (Gross ) 
subsequently using this method have not been 
as fortunate. Gross * has outlined the experi- 
ence of the Boston Children’s Hospital (1940 
through 1952) with the surgical treatment 
of this disease as indicated in the diagrams 
(Figs. 2 through 8). This author favors the 
latter procedure (Fig. 8) and since 1949 has 
had a 79% Intestinal con- 
tinuity has been reestablished in staged pro- 


survival rate. 


cedures, as required by this type of resection. 

Swain * (1950) reported a survival at 10 
months of age following ileocolic anastomosis 
with persistent gross abdominal distention 
and frequent visible peristalsis. 


Nixon '° 
(1953) obtained a cure utilizing an enteros- 
tomy by means of a small Paul tube tied into 
the apex of the greatly distended loop of 
ileum after insertion of pancreatin granules. 
Nixon’s experience with short-circuit anas- 


Fig. 5—Witzel enterostomy. Died—15; cured—1 


(Gross §), 
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tomosis consisted of three patents, all of 
whom died before the anastomosis had func- 
tioned adequately to relieve the obstruction. 
Hiatt and Wilson* (1948) listed an unre- 
ported case of Anderson’s with treatment by 
ileotransverse colostomy, the patient dying 
on the seventh day of life with rupture of the 
anastomosis and peritonitis. 

Printz (1953) 
ileotomy and irrigation with 10% pancreatin 
solution, Olim and Ciuti'? (1954) using 
ileotomy and irrigation with hydrogen per- 


Borenstine and using 


oxide, and Jantzen '* (1955) using ileotomy 
and irrigation with saline and hyaluronidase 
have reported single successful cases. 








Fig. 6.—Mikulicz resection; ileocolostomy. Died 
-4; cured—2 (Gross §). 


REPORT OF CASES 
meconium ileus 
successfully treated by primary side-to-side 


Two typical cases of 


ileotransverse colostomy and complimentary 
Witzel ileostomy (Fig. 9) are presented. 


Case 1.—A white male infant was seen July 17, 
1953, at 48 hours of age and presented a typical 
clinical picture of meconium ileus. We were aided 
in this diagnosis by a scout film which showed not 
only the variably dilated loops of small bowel so 
typical of this condition but also multiple areas of 
calcification throughout the abdomen and in the 
scrotum. No hernias were present, and it was felt 
that this latter finding represented meconium peri 
closure of the 
reported by 
others.!4 Surgical treatment was advised and im- 


tonitis of a type antedating the 
infundibular peritoneal process, as 
mediately undertaken, 

When the abdomen was opened, the typical lesion 
of meconium ileus presented. Several hugely dilated, 
almost black loops of small intestine were pro- 
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TREATMENT OF MECONIUM ILEUS 
jected from the abdomen, leading to a fusiform 
terminal ileum filled with tenacious, plastic me- 
conium. Beyond this the last few inches of ileum 
and right colon were found greatly narrowed and 
filled with scybalous concretions, resembling a 
strand of beads. The transverse colon and beyond 
were extremely small, almost like the distal segment 
of an atresia, and were filled with a soft, white, 
jelly-like material, obviously thick mucous. There 
were large areas of bowel and mesenteric surface 
involved in inflammatory injection, organized exuda- 
tion, and calcification—the picture of ancient ante- 
partum meconium peritonitis. In view of this com- 
plication, the Mikulicz resection of the terminal 
ileum presented great technical difficulty. Therefore 
the transverse colon was injected with 50 cc. of 
saline solution, which proved its patency and dilated 
it for subsequent anastomosis. A primary open 


ileotransverse colostomy was then done, using two 








Fig. 7.—Mikulicz ileocolostomy plus Witzel 
ileostomy. Died—2; cured—0 (Gross §). 


rows of interrupted nonabsorbable surgical (silk) 
sutures, and a proximal Witzel ileostomy was done 
to provide immediate decompression and to allow 
irrigation of the terminal ileum with pancreatic 
solutions. 

The irrigations with 5% pancreatin solution were 
begun, clamping the tube for 15 minutes after a 10 
cc. instillation of enzymes every 4 hours. The 
bowels moved well on the third day; oral feedings 
with pancreatin (Viokase) added were instituted 
on the fourth day, and the ileostomy tube was 
clamped on the sixth day, except for the occasional 
instillation of the enzyme solution. On the 17th 
day a barium motor meal was given and showed 
rapid passage of the medium through the small 
and large bowel, with no narrowing or obstruction. 
The terminal ileum and right colon were definitely 
functional; the site of ahastomosis was not seen. 
The enterostomy tube was removed and the patient 
discharged. A subsequent x-ray study of the colon 
and terminal ileum has revealed no abnormality. 

















Fig. 8.—Mikulicz resection and double ileostomy. 
Died—9; cured—18 (Gross §). 


The child has developed normally but as antici- 
pated has frequent bouts of pulmonary infection 
and has had one episode of heat exhaustion with 
coma and convulsions, responding rapidly to intra- 
venous saline solution. 

Cast 2.—A male infant 36 hours of age was seen 
Nov. 24, 1953, with typical findings of meconium 
ileus. Like the preceding case in all other respects, 
his disease was not complicated by antepartum me- 
conium peritonitis but was complicated by severe 
erythroblastosis fetalis. An exchange transfusion 
had been done during the first 24 hours, and 12 
hours later laparotomy was performed. The diag- 
nosis of meconium ileus was confirmed and again 
a primary ileotransverse colostomy and proximal 
Witzel ileostomy were done, identical in every way 
with the first case. The postoperative progress was 
satisfactory; the ileostomy tube was removed on 
the 19th day, althought the patient was kept in the 


lig. 9—lIleocolostomy with proximal Witzel 
enterostomy. Died—0; cured 2 (Present experience). 



















hospital an added 30 days for metabolic and other 
physiologic studies. 

The child was reoperated upon at age 4 months 
because of acute mechanical intestinal obstruction 
produced by an adhesive band; an entirely normal 
terminal ileum and colon were noted at that time, 
and it was felt that the previous anastomosis was 
no longer functioning to any notable extent. This 
child died at age 19 months of heat exhaustion, the 
urgency of the circumstance not being appreciated 
on admission to the hospital. 


COMMENT 

Primary side-to-side ileotransverse colos- 
tomy and complementary proximal Witzel 
ileostomy is to be recommended in the treat- 
ment of meconium ileus. The more obvious 
advantages of this operation are as follows: 

1. It is a single-stage procedure. 

2. Immediate restoration of intestinal con- 
tinuity is aiforded. 

3. Immediate decompression of obstructed 
intestine is permitted. 

4. A means of irrigation is provided by 
which pancreatic enzymes may be used to 
liquefy and remove the obstructing, abnormal 
meconium. 

5. No intestinal resection is done, nor does 
one seem warranted, considering that no 
lesion intrinsic to the intestinal wall exists. 
that the 
terminal ileum and right colon do not remain 


6. There is reason to believe 
defunctionalized but rapidly take on their 
duties when the side-tracking anastomosis is 
no longer activated by distal obstruction. 

7. The disadvantages of a double-barrelled 
skin ileostomy, no matter how brief and how 
minimized, are averted. 


SUMMARY AND CONCLUSION 

Two cases of meconium ileus successfully 
treated by means of primary ileotransverse 
colostomy and proximal Witzel ileostomy 
are reported. One case was complicated by 
meconium peritonitis. Diagnostic features of 
meconium ileus are discussed, with emphasis 
on the hypoplastic colon as a finding of 
clinical significance. The results obtained in 
these cases would warrant a further trial of 
the procedure used. 
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DISCUSSION 


Dr. CHARLES W. 
Dr. Porter and Dr. 


McLaAuGHLIN Jr., Omaha: 
Throckmorton are certainly 


to be congratulated on their highly successful 
results in these two infants with what is most 
certainly a distressing disease. 


both instances the mechanical 


phase of this systemic malady was limited to the 


Fortunately, in 


lower bowel, permitting the short circuit to be 
efficacious. I am sure we have all been distressed 
with our inability to obtain satisfactory results by 
exteriorizing the terminal ileum and cecum, as 
described by Gross. 

Our own problem has been that so many have 
a segmental involvement of multiple segments of 
the bowel filled with this tar-like material. I should 
Throckmorton how, in the 


Witzel 


maintain a tight catheter in the 


like to ask Dr. per- 


formance of a enterostomy, he is able to 
small bowel of 


these infants. In our own hands these have all 
begun to leak in a few days, with all the tragedy 
of an enterostomy or an open ileostomy in these 
infants. 

Dr. Tom D. Turockmorton, Des Moines, Iowa: 
An old, old type of operation has been applied to 
an old, old problem with a good result. No claims 
are made other than that in the two cases presented 
the procedure worked very satisfactorily. Anything 
else which I or my acquaintances have tried has 
not led to a satisfactory result. 

In answer to Dr. Charles McLaughlin’s question 
as to why the catheter ileostomy did not leak, | 


have no explanation. lh 


all probability we were 


fortunate. | might hazard an opinion, however, 


that no leakage occurred because we had an ade- 
quately functioning ileocolostomy beyond the cathe- 
ter and, therefore, little opportunity for a build-up 
of intraenteric pressure. It is also noted that the 
catheter ileostomy was kept open for drainage 
during the first few postoperative days, and any 
build-up of pressure under those circumstances 
would be almost impossible. 

Dr. Puizip Porter, Des Moines, Iowa: I should 


Mc- 


Laughlin for his discussion of our paper, and to 


like to take this opportunity to thank Dr. 


thank the Association for giving me the privilege 
of the floor. 
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Abdominal Proctocolectomy 


LUCIUS D. HILL, M.D. 

CALEB S. STONE, M.D. 

and 

CLARENCE C. PEARSON, M.D., Seattle 


It has been 80 years since idiopathic ulcera- 
tive colitis was first identified as a clinical 
entity by Wilks and Moxon.’ Since their 
classic description in 1875, many attractive 
theories concerning the etiology of this dis- 
ease have been advanced. In spite of exten- 
sive investigation, the cause of ulcerative 
colitis remains unknown. Medical manage- 
ment, therefore, is empirical and is directed 
toward control of the disease, alleviation of 
the psychosomatic agitants, and the recogni- 
tion and handling of secondary complications. 
Nonoperative therapy is successful in the 
relatively mild cases of ulcerative colitis. It 
has permitted more adequate preparation of 
those patients requiring surgery ; hence, both 
surgical mortality and morbidity have been 
reduced. By controlling the acute exacerba- 
tions of the disease, medical management has 
made urgent operation for the control of 
these exacerbations less frequent. 

For those patients who continue to harbor 
an active, though chronic, ulcerative colitis, 
in spite of medical management, surgery 
remains the only therapy that will eliminate 
the pathologic process which may ultimately 
cause the death of the patient. 

In the past, the chief indications for sur- 
have been obstruction, 


gery perforation, 


stricture, and hemorrhage, and these remain 





Read at the 63d Annual Meeting of Western 
Surgical Association, Seattle, Dec. 2, 1955. 

From the Department of Surgery (Drs. Hill 
and Stone), and Department of Gastroenterology 
(Dr. Pearson), The Mason Clinic. 
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indications for surgery today. The broadened 
and more intensive supportive medical ther- 
apy available today through the use of corti- 
cotropin (ACTH), cortisone, multiple trans- 
fusions, and antibiotics has been helpful in 
maintaining patients over long periods of 
time. It has become increasingly clear, as 
experience accumulates, that as the patients 
live longer we are faced with more patients 
with intractable disease who remain partially 
or entirely incapacitated over the years. In 
addition, more instances of carcinoma are 
being reported as patients live longer with 
ulcerative colitis. We must emphasize, there- 
fore, intractability, or failure of adequate 
response to medical therapy over a period 
of years, as an indication for surgery. 

The problem as to when a given patient 
has become intractable to medical manage- 
and must be 


settled on the merits of the individual case. 


ment remains controversial 


We believe that this decision must be a joint 
one, made after careful consideration of all 
the details by the gastroenterologist and the 
surgeon. The question that must be answered 
in each instance is the following: “Can the 
patient be rehabilitated to an active, produc- 
tive life without surgery?” While many 
reports of large series of patients treated 
by nonoperative means point to years of 
survival under medical management,” few, 
if any, of these studies point out whether or 
not the surviving patient was a debilitated 
person or a useful citizen. Continuation of 
debilitating diarrhea and development of 
associated disease, such as arthritis and 
hepatitis, are definite indications of intract- 
ability and of failure of medical management 
in the adequate control of the disease. Colec- 
tomy should be done before complicating 
disease has become established. This decision 
that a given patient is intractable to medical 
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management should be made as early as 
possible, in order to prevent deterioration 
of the patient’s condition and the develop- 
ment of complicating disease to the point 
where surgery becomes a formidable risk 
and the possibility of adequate rehabilitation 
is lessened. 

The prolonged course of ulcerative colitis 
is well illustrated by the Massachusetts Gen- 
eral Hospital study reported by Wheelock 
and Warren.* In 387 patients treated by 
nonoperative means, 232 (60% ) came sooner 
or later to operation. Seventy-four patients 
in this series died without operation ; forty- 
six of these died of chronic ulcerative colitis 
without the benefit of surgery. Only the 
remaining 28 died of unrelated causes. It is 
pertinent that Wheelock and Warren found 
that the majority of patients who eventually 
succumbed to this disease or required surgery 
did so within three years of the onset. These 
patients were treated prior to 1950; in fact, 
67.8% were seen before 1943. These patients 
were, therefore, for the most part treated or 
seen in the era that preceded modern surgical 
and medical management. 

It is difficuit to determine a specific time 
period after which surgery should be done 
if the disease is not completely controlled. 
Wheelock and Warren, however, concluded 
that at the end of a three-year period, if the 
patient has not demonstrated that he is in 
the group which will be completely controlled 
by medical therapy, colectomy and ileostomy 
should be advised at that time. Those pa- 
tients who are showing more rapid degenera- 
tion will of course require colectomy before 
the three-year period. 

\Ve consider it unwise to set up a specific 
time period but prefer to individualize each 
case. Certain anatomical changes in the 
colon, such as the formation of pseudopolyps, 
diffuse and unchanging narrowing of the 
colon, and stricture formation, indicate ir- 
reversible changes in the diseased bowel. 
These not only point to intractability but 
also suggest the need for operation. 

The threat of development of cancer in 
the colon involved in the chronic ulcerative 


process is a real one. In our experience no 
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patient with carcinoma associated with 
chronic ulcerative colitis has survived five 
years after the diagnosis was made. The 
number of published five-year survivals 
after the onset of malignancy associated 
with this disease is so few that, for prac- 
tical purposes, once malignancy has occurred 
with ulcerative colitis the patient’s prognosis 
is hopeless. It is therefore submitted that, 
although malignancy is an obvious indication 
for surgery, the patient who has been allowed 
to develop malignancy with chronic ulcera- 
tive colitis represents a failure on the part 
of the surgeon and the gastroenterologist to 
recommend colectomy at a sufficiently early 
date. 

Bargen ? has shown that carcinoma of the 
colon is approximately 30 times more fre- 
quent in chronic ulcerative colitis than in 
the otherwise normal colon and, furthermore, 
it increases in frequency as the duration of 
the disease increases. Cattell and Colcock * 
have reported that among those patients 
operated upon at the Lahey Clinic who had 
had ulcerative colitis for 8 to 10 years the 
incidence of malignancy was as high as 30%. 
Wheelock and Warren * report an incidence 
of carcinoma of the colon in 18.1% of those 
patients treated at the Massachusetts Gen- 
eral Hospital. 

It is obvious, therefore, that surgery must 
be performed in ulcerative colitis before 
malignancy develops, if the patient is to be 
saved. Malignancy develops in this disease 
insidiously. At the present time there are 
no reliable criteria for determining which 
patients will develop malignancy, and indeed 
it is difficult to detect established malignancy 
in its early stages. In this regard, the pres- 
ence of pseudopolyposis in itself is not alarm- 
ing. The pseudopolyp does not apparently 
degenerate into malignancy, but the fre- 
quently repeated ulceration and repair which 
accompanies this disease is a factor in the 
development of areas of premalignant hyper- 
plasia,® and the presence of pseudopolyposis 
suggests that this process may already be 
established. To avert the failure of allowing 
malignancy to develop, surgery must be 
performed within a reasonable time after 
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the onset of the disease and before persistent 
deformity becomes apparent in the x-ray 
examination of the colon. 

With improved medical management there 
has been a parallel improvement in surgical 
treatment of ulcerative colitis. Apparently 
the first surgical procedure that was per- 
formed for this 


disease was a 


colostomy performed in 1893 by 


sigmoid 
Mayo- 
Robson.® After Mayo-Robson’s operation, 
numerous procedures were done in an effort 
to deviate the fecal stream from the colon. 
These consisted of colostomies and appen- 
dicostomies. The first appendicostomy was 
apparently performed by Weir, in 1902.7 
Appendicostomy and 
popularity until J. Y. Brown’ performed 
the first ileostomy for this condition in 1913. 
In 1924, A. A. Strauss * removed the colon 
in multiple stages for ulcerative colitis. This 


cecostomy enjoyed 


was followed by the development of the 
ileostomy bag by Koenig and Rutzen, which 
greatly improved the management of the 
ileostomy and the postoperative care of these 
patients. During the 1930’s, removal of the 
colon was practiced by a number of sur- 
geons, notably Lahey, Cattell, State, Bacon, 
Rankin, McKittrick, and others. These were 
multiple-stage procedures, followed in many 
instances by abdominoperineal removal of 
the rectum. In 1949, Gavin Miller 1° recom- 
mended and performed a right colectomy 
and ileostomy in a single stage in 24 patients, 
with no mortality. This contribution brought 
realization that the number of stages might 
he reduced with safety. In 1940.1! MacGuire 
performed a total colectomy and abdomino- 
perineal resection of the rectum in a single 
stage. After this, proctocolectomy with re- 
moval of the rectum by abdominoperineal 
resection has been recommended and utilized 
by Bacon, Ravitch, and others in selected 
cases. In 1951, Ravitch and Handelsman '* 
recommended and performed one-stage ile- 
ostomy, colectomy, and proctectomy in 12 
patients without mortality. Fallis?* in 1953 
reported removal of the colon and rectum 
down to the levator muscles through an 
abdominal incision, followed by a_ perineal 
procedure in which the remaining mucosa 
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and submucosa of the rectum were removed 
from below. These reports have demon- 
strated that a proctocolectomy and ileostomy 
performed in a single stage can be done 
with a mortality rate as low or lower than 
the mortality rate which attended the staged 
procedures utilized in the past. 

Our experience supports this viewpoint. 
In the last three years we have performed 
proctocolectomy in a single stage in 10 in- 
stances. These patients were carefully se- 
lected, with two exceptions. Two patients 
were hemorrhaging massively, and the entire 
colon and rectum were removed at a single 
stage in order to stop hemorrhage. One of 
patients survived, and the other one 
represents the only mortality in the entire 
group. 


these 


the 
management of this disease have been con- 


Further contributions to surgical 
cerned with the construction of the ileostomy. 
Heostomy dysfunction in the past has been 
one of the serious objections to surgery for 
ulcerative colitis. In 1952, B. N. Brooke ™ 
described a technique of everting the full 
thickness of the terminal ileum upon itself 
and suturing the full thickness of the bowel 
to the skin—thus producing a mucosa-to- 
skin anastomosis of the stoma. Although this 
anastomosis did much to prevent stricture 
and ileostomy dysfunction, Brooke failed to 
emphasize the importance of this measure 
the and 
peritonitis which was responsible for the 


in alleviating serositis localized 
ileostomy dysfunction. It remained for Turn- 
bull,’° in 1953, and Crile and Turnbull,"® 
in a later publication, to emphasize the im- 
portance of the mucosa-to-skin suture in the 
prevention of ileostomy dysfunction. These 
authors described a technique of stripping 
the seromuscular layer from the distal half 
of the ileal stoma and suturing only the 
mucosa to the skin margin. \We have utilized 
both of these methods, and our experience 
has corroborated the fact that the mucosa- 
to-skin suture, regardless of the method by 
which it is done, is a major factor in elimi- 
nating The 
grafted ileostomy, which was popularized by 
Dragstedt, has apparently failed to produce 


ileostomy dysfunction. skin- 
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a satisfactory ileal stoma. Stricture of the 
graft and other complications have necessi- 
tated revision of a high percentage of these 
ileostomies. 

With improved operative technique and 
modern supportive therapy, more and more 
surgeons with wide experience have favored 
the performance in selected cases of total 
colectomy and ileostomy, or a proctocolec- 
tomy and ileostomy, in a single stage. Our 
experience would indicate that, whenever 
feasible, a single-stage procedure has many 
advantages. With the single-stage procedure 
the risk of further general anesthesia and 
the inconvenience of further hospitalizations 
are circumvented. The entire disease process 
is removed; consequently, postoperative 
hemorrhage and postoperative loss of fluid 
and electrolytes from the retained colon rem- 
nant are prevented. 

In the past there have been several objec- 
tions to performance of a colectomy and 
ileostomy, or proctocolectomy and ileostomy, 
in a single stage. The operation is of con- 
siderable magnitude in the patient who is 
generally not a good risk. The recently pub- 
lished reports, as well as our own experi- 
ence, however, indicate that with modern 
supportive therapy this is no longer a valid 
objection. Additional objections have been 
concerned with prolongation of the operation 
by the perineal portion of the procedure and 
the morbidity and complications associated 
with the healing of a large perineal wound. A 
perusal of the literature reveals that to date, 
as far as we can determine, no operation has 
been reported in which the perineal portion 
of the procedure is entirely eliminated. 
Although Fallis removed the colon and 
rectum down to the level of the levator 
muscles, he failed to entirely eliminate the 
perineal part of the operation, which necessi- 
tates moving the patient while he is under 
anesthesia after a large operation and 
thereby subjects him to the risk of alterations 
in the blood pressure. 

With these factors in mind, we have sought 
to simplify the operation and have arrived 
at a procedure which we believe is the 


logical outgrowth of the efforts of many 
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surgeons to improve the procedure and 
obviate the objections to surgery for ulcera- 
tive colitis. 

In our procedure the patient is anesthetized 
and a gauze roll 6 in. in length and saturated 
in benzalkonium (Zephiran) chloride (Fig. 
1) is inserted into the rectum. To facilitate 
removal, an umbilical tape is attached to the 
pack. The patient is prepared for laparotomy, 
a left paramedian incision is made, and a 
site is selected for division of the ileum, 
usually & in. from the ileocecal valve. The 
entire colon is then removed in the conven- 
tional manner down to the rectosigmoid. At 
this point the bowel is divided, and the colon 
specimen is removed. 





LINE OF _- 
DISSECTION’ ai 
a ictal 


Fig. 1—Rectal dissection completed with pack 
in place. 


If a one-stage operation is not deemed 
feasible, a sigmoid colostomy is done and 
only the rectum is left for the second stage. 
The rectum may be removed at the initial 
procedure or at a later stage, depending on 
the individual case. In either event, it can 
be removed in the same manner. The rectum 
is dissected from its attachments, as in 
the conventional abdominoperineal procedure 
for benign disease, down to the level of the 
previously inserted pack. At this point an 
umbilical tape is placed tightly around the 
bowel, just proximal to the pack, in order 
to isolate the rectal ampulla from the re- 
maining rectosigmoid and to prevent spillage 
into the ampulla and into the wound. The 
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Fig. 2.—Benzalkonium (Zephiran)-chloride-soaked 


pack in rectum with tape attached for removal. 


lower rectal dissection (Fig. 2) can be per- 
formed with the pack in place, serving as 
an additional guide to the location of the 
anus. After the dissection is completed down 
to the level of the levator muscles, the pack 
can be withdrawn from below. After with- 
drawal of the pack (Fig. 3), the rectal 
ampulla remains an empty and _ relatively 
clean field. The ampulla is then opened close 
to the anus, and the dentate line can he 
visualized. The rectum can then very readily 
be removed at the level of the dentate line, 
with consequent removal of all rectal mucosa. 
Bleeding from the anal remnant is surpris- 
ingly minimal. [lemostasis is obtained in 
the pelvis; a sump drain is then inserted 
through the anus, and the pelvis is_ re- 
peritonealized (lig. +). The most desirable 
site for permanent ileostomy is selected, and 
the terminal ileum is brought out through 
this site. In performing the ileostomy, we 
have incorporated all those features which 
we believe have led to a decrease in_ the 
complications associated with the ileal stoma. 
The mesentery of the ileum is sutured to 
the peritoneum of the abdominal wall (Tig. 
5). The suture line is carried posterolat- 
erally in order to close the right lateral 
gutter and thereby prevent internal hernia 
or prolapse about the ileostomy. Anchoring 
the mesentery in this manner serves to pre- 
vent prolapse of the ileostomy itself, as well 
as retraction of the ileostomy. The ileostomy 
stoma is then constructed in the manner 
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suggested by Brooke or in the manner de- 
scribed by Crile and Turnbull. If the terminal 
ileum is rather large and dilated, the intus- 
suscepting technique of Brooke has been 
preferable in our hands. With an ileum of 
normal or small size, the technique of Crile 
and Turnbull is preferable. By suturing 
the mucosa to the skin, regardless which 
method is used, we have found that stricture 
at the skin level with subsequent dysfunction 
is largely offset. The mucosal-covered ileal 
stoma will show minimal shrinkage and 
immediately after operation is approximately 
the same size as it will be permanently. This 
allows for earlier fitting of a permanent 
ileostomy bag and shorter hospital con- 
finement. 

This method in our hands is superior to 
the skin-grafted ileostomy, which we have 
found to be fraught with serious drawbacks. 

In performing the operation in this man- 
ner, we believe that the procedure is simpli- 


Fig. 3—Pack withdrawn. Empty and relatively 
sterile ampulla opened. Dentate line visualized and 
rectum incised at dentate line, with removal of ail 
rectal mucosa. 
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Gynec Chewie 
li- Fig. 4—Hemostasis is obtained, and a drain is placed out through the anus (left). The 


pelvis is reperitonialized (right). 


Fig. 5—Desirable site for ileostomy is selected (left), and the ileostomy is constructed (right) 
i] with a mucosa-to-skin anastomosis. The mesentery is sutured to the anterior abdominal wall. 
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Fig. 6. 


Perineum 18 months after operation. 
There is an anal reflex. The old vaginal episiotomy 
scar is visible. 


fied. It is done, whenever feasible, in a single 
stage. It is shortened by elimination of a 
perineal portion of the procedure. With re- 
moval of the entire rectum from above, the 
morbidity and complications associated with 
the healing of a large perineal wound are 
eliminated. The perineum at the end of a 
year and a half remains (lig. 6) entirely 
comfortable. There is an anal reflex, and 
the patient has the sensation of a normal 
perineum. 

With these newer features we feel that 
the surgeon can recommend operation for 
chronic ulcerative colitis with more confi- 
dence and that he will be able to rehabilitate 
the patient and render him a useful citizen 
with a minimum of postoperative morbidity 


and complications. 
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SUMMARY 


With improved medical management, more 
patients with intractable chronic ulcerative 
colitis and more patients with carcinoma 
associated with this disease are being seen. 

Emphasis must be placed on intractability 
and risk of malignancy as indications for 
surgery. 

Surgical management has shown progres- 
sive improvement, with a trend toward per- 
forming total colectomy or proctocolectomy 
and ileostomy in a single stage. Our experi- 
ence with 10 patients who had a single-stage 
proctocolectomy is reviewed. 

Contributions to the technique of ileostomy 
are briefly reviewed. Newer techniques have 
done much to prevent prolapse of the 
ileostomy and ileostomy dysfunction. 

A new technique for removal of the entire 
colon and rectum through an abdominal 
incision, eliminating the perineal part of 
the procedure, is reported. 


DISCUSSION 
Dr. Lester R. Cuauncey, Portland, Ore: I 
should like to thank Dr. Hill very much, not only 
for a beautifully presented and interesting paper 
but also for the opportunity of initiating the discus- 
sion. 

Viewed from the standpoint of one who does not 
enjoy as great an experience as do some who report 
large series of cases, the change in the surgical 
treatment of ulceartive colitis in the past six years 
has been quite remarkable, and three aspects of the 
change could well bear discussion. 

Dr. Hill spoke of the first aspect of this, namely, 
the results of the various attempts made to control 
the dysfunction of the ileostomy stoma. Secondly, 
and of equal importance, are the contributions of 
those surgeons who taught us to excise the absorb- 
ing portion of the bowel at the time of the initial 
surgery. The third aspect, namely, the problem of 
the remaining colon, has largely been unsolved. 

In the only by a 
multiple-stage operation or a multiple-team opera- 
tion or a single operation followed by tle often- 
disastrous 


past this could be solved 


turning over of the patient after a 
relatively prolonged first stage. In the solution of 
that Dr. Hill, with his 


conception of a single-stage technique, should be 


this problem I believe 
congratulated. This is a beautiful technique and 
logically follows that originally introduced by Dr. 
Miller. 
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I do hope that the point was not lost in the 
presentation that Dr. Hill does not believe that all 
patients should have the rectum removed. There 
may be a very good reason for not removing the 
rectum. We have had two such patients; in each 
the rectum was not removed because the major 
portion of the disease was found, at surgery, to 
involve the right side of the colon, although pre- 
operatively the greater extent of the disease seemed 
to be on the left side, both by x-ray and sigmoido- 
scopic examination. In each of these instances the 
rectum was saved. Later, because of the psychic 
trauma of the ileostomy, the ileostomy was taken 
down and a low ileosigmoidostomy was carried out 
and gastrointestinal continuity thereby reestablished 
—an example of a type of surgery somewhat more 
popular in England than it is here. 

I should like to ask Dr. Hill if in male patients he 
would prefer to save the rectum for removal later, if 
that should prove necessary, in view of the possi- 
bility that a certain amount of psychic trauma due 
to impotence might be added to the psychic trauma 
already present due to the ileostomy. 

He commented about the question of carcinoma ; 
in my mind one very good reason for doing a total 
colectomy would be the possibility of the develop- 
ment of carcinoma, which development might not be 
seen in the early stages by naked-eye examinations 
through a sigmoidoscope. However, should one, 
because of the above-mentioned reason, wish to 
remove the remaining rectum, then this same tech- 
nique outlined by Dr. Hill would be, I believe, 
most useful. 


In conclusion, I should like to thank him very 
much, both for the conception of the idea and for 
the very obvious efficiency with which he carries ‘t 
out, and I should also like to thank Dr. Stone for 
his encouragement. 

Dr. C. S. Stone Jr., Seattle: The average case 
of chronic ulcerative colitis demanding surgical 
treatment will require removal of the entire colon 
and rectum in order to control the organic mani- 
festations of this disease. 

The hazards of this surgical treatment in the 
past have been the problems related to the ileostomy, 
the repeated risk and economic burden of multiple- 
stage procedures, and the complications of a perin- 
eal wound. 

Improved methods of handling the ileostomy have 
been demonstrated by others and well reviewed by 


Dr. Hill. 


Our own experience supports the observation of 


many—that ileostomy combined with total colec- 
tomy or with coloproctectomy is well tolerated and 
is the procedure of choice in the surgical treatment 


of the usual case of chronic ulcerative colitis. 
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The technique of protectomy from above, as de- 
scribed by Dr. Hill, has been helpful to us in many 
ways. 

It has made the complete operation practical in 
instances where a combined perineal approach 
would have added too much to the procedure to 
have permitted a one-stage operation. 

The greater facility in removing the rectum from 
above in the manner described, the shortening of 
operating time, the avoidance of manipulating the 
patient after a long abdominal procedure, and the 
absence of a complicating perineal wound has ex- 
tended the application of a complete one-stage pro- 
cedure. Surgical risk and mortality are not in- 
creased; certainly morbidity is greatly reduced. 

Dr. H. GLENN BE Lt, San Francisco: I should 
like to ask whether Dr. Hill has difficulty getting 
exposure in order to remove all the rectum in the 
male patients. The patient he showed us was 
a female. 

Dr. Rosert T. Tiprick, Iowa City: I have 
one comment that may be apropos. Dr. Hill men- 
tioned removing 8 in. of the terminal ileum. If 
possible, I should like to lend a note of discourage- 
ment to that enthusiasm about ileectomy. I believe 
that every inch of the terminal ileum is extremely 
important and, as has been shown by the University 
of Minnesota group, this comprises the “water 
wringer” of the alimentary tract. 

I believe that in a majority of cases it can be left. 
The ileum can be transected within an inch of the 
cecum. 

Dr. Luctus D. Hitt, Seattle: In closing the 
discussion I should like to thank the members of 
the Western Surgical Association for the privilege 
of the floor. 

| greatly appreciate the comments of each of the 
discussants. In reply to Dr. Chauncey’s question 
about whether we should leave the rectum for a 
second stage, for fear of impotence in the male, the 
procedure as outlined today can be done either in a 
single or in a two-stage operation, depending on the 
individual case, but we feel that by dissecting close 
to the rectum and leaving the anal sphincter in 
place, as has already been mentioned in previous 
papers this afternoon, the chances of impotence are 
greatly decreased. 

In reply to Dr. Bell's question concerning ex- 
posure in the male we first thought that was going 
to be a problem, but in the last male patient we did 
this on, by pulling the rectum up in order to get 
exposure of the anus or the area of the dentate 
line, we very nearly cut too low and almost cut 
into the skin around the anus. At first it would 
seem to be quite a problem, but by executing this 
maneuver the rectum can be removed in the male 
patient by the means we have described today. In 
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addition, these patients are usually very 
making exposure in the male pelvis easier. 

In answer to Dr. Tidrick’s suggestion, I cer- 
tainly believe it is an excellent one, and we do 
everything we can to save as much ileum as possible. 


thin, 


There has been some evidence to show that some 
of these patients have terminal ileitis. That certainly 
is a controversial subject. I do believe that the 
suggestion of saving every inch of the terminal 
ileum is an excellent Thank for the 


one. you 


privilege of the floor. 
REFERENCES 


Moxon, W.: Lectures on 
& A. Churchill, 


1. Wilks, S., and 
Pathological Anatomy, London, J. 
1875. 

2. Bargen, J. A.; Sauer, W. G.; Wyman, P.; 
Sloan, W. D., and Gage, R. P.: The Development 
ef Cancer in Chronic Ulcerative Colitis, Gastro- 
enterology 26:32 (Jan.) 1954. 

3. Wheelock, F. C., Jr., and Warren, R.: Ulcer- 
ative Colitis: Follow-Up Studies, New 
J. Med. 252:421 (March 17) 1955. 

4. Cattell, R. B., and Colcock, B. P.: Ulcerative 
Colitis: Selection of Cases for Surgical Treatment, 
S. Clin. North America 35:817 (June) 1955. 

5. Warren, S., and Sommers, S. C.: Patho- 
genesis of Ulcerative Colitis, Am. J. Path. 25:657 
(July) 1949. 


6. Mayo-Robson: Case of 


England 


Colitis Treated by 
Inguinal Colotomy and Local Treatment of the 
Ulcerated Surfaces with Subsequent Closure of the 
Artificial Anus, Tr. Cl. Soc. London 26:213, 1893. 





M. A. ARCHIVES OF SURGERY 





7. Weir, R. F.: A New Use for the Useless 
Appendix in the Surgical Treatment of Obstinate 
Colitis, M. Rec. 62:201, 1902. 

8. Brown, J. Y.: The Value of Complete 
Physiological Rest of the Large Bowel in the 
Treatment of Certain Ulcerative and Obstructive 
Lesions of This Organ, Surg. Gynec. & Obst. 16: 
610, 1913. 

9. Strauss, A. A.; Friedman, J., and Bloch, L.: 
Colectomy for Ulcerative Colitis, S. Clin. North 
America 4:667, 1924. 

10. Miller, G. G.; Gardner, C. M., and Ripstein, 
C. B.: Primary Resection of the Colon in Ulcerative 
Colitis, Canad. M. A. J. €0:584 (Tune) 1949. 

11. MacGuire, D. P.: Aseptic Total Colectomy, 
New York J. Med. 40:1515 (Oct. 15) 1940. 

12. Ravitch, M. M., and Handelsman, J. C.: One 
Stage Resection of Entire Colon and Rectum for 
Ulcerative Colitis and Polypoid Adenomatosis, Bull. 
Johns Hopkins Hosp. 88:59 (Jan.) 1951. 

13. Fallis, L. S., and Barron, J.: Modified Tech- 
nique for Total Colectomy in Ulcerative Colitis, 
A. M.A. Arch. Surg. 67:363 (Sept.) 1953. 


14. Brooke, B. N.: The Management of an Ileos- 


tomy Including Its Complications, Lancet 2:102 
(July 19) 1952. 

15. Turnbull, R. B., Jr.: Symposium on Ulcer 
ative Colitis: Management of Ileostomy, Am. J. 


Surg. 86:617 (Nov.) 1953. 
16. Crile, G., Jr., 
Mechanism and 


and Turnbull, R. B., Jr.: The 
Prevention of lIleostomy 
Ann. Surg. 140:459 (Oct.) 1954. 


Dys 


function, 




















in, 
ive 


ne 


‘or 


il]. 








Its Etiology and the Mechanism of the Disease Process 


JOHN VAN PROHASKA, M.D. 
EDWIN TUTT LONG, M.D. 

and 

THOMAS S. NELSEN, M.D., Chicago 


During the past few years increasing clini- 
cal evidence has been gathered to seriously 
implicate Micrococcus pyogenes (Staphylo- 
coccus aureus) as the etiological agent 
responsible for the often fatal surgical com- 
plication known as pseudomembranous en- 
terocolitis. This disease entity has been most 
frequently described as a necrotizing colitis 
or enteritis following major abdominal sur- 
gery in cases where intestinal antibiotics have 
heen used as preoperative preparations. 

It is incorrect to associate this serious com- 
plication exclusively with abdominal opera- 
tions or with the use of intestinal antibiotics. 
The disease has been observed after opera- 
tions other than on the intestine. Dixon and 


_— - v 
Weismann ' reported the development of ne- 


crotizing enterocolitis following operations on 
the brain, breast, uterus, gall bladder, and 
stomach. Our own report? included two 
cases of fatal enteritis following simple chole- 
cystectomy in one and vagotomy with gastro- 
jejunostomy in the other. There is ample 
evidence that the disease may occur without 
3 


the use of antibiotics. Finney * described a 


case of necrotizing enterocolitis in 1893, and 


Penner and Bernheim ‘4 


reported a large 
series of cases in 1939. These cases occurred 
before any antibiotics were in use. Kleckner, 
Bargen, and Baggenstoss ° described a series 
of 14 cases not treated with antibiotics in 
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which the disease was not preceded by a sur- 
gical operation. 

The variety of conditions under which 
pseudomembranous enterocolitis appears ob- 
scures an easy solution of its etiology and 
does not readily yield a plausible explana- 
tion of the fatal disease. None of the recent 
large series of reported cases * appearing in 
the world literature have successfully brought 
together the confusing factors presented by 
the development and course of the disease. 
These confusions stem from the observations 
that the disease sometimes follows surgical 
operations and sometimes not; at one time it 
is related to antibiotic therapy and at other 
times not. The medical literature includes 
rapidly fatal cases on the one hand and linger- 
ing, harmless diarrheas on the other. Micro- 
coccus pyogenes has been isolated from the 
intestines of most of the patients, and yet 
other bacteria have been suspected, if not 
incriminated, as the etiological agent of the 
disease. .\s long as these diametrically oppo- 
site observations exist, the disease cannot be 
considered a definite entity until these 
opposing facts are made to fit into a pat- 
tern able to encompass all variations. We 
will endeavor to present clinical and experi- 
mental evidence in support of the following 
contentions : 

1. Pseudomembranous entercolitis is an infectious 
disease produced by M. pyogenes. 

2. M. pyogenes does not establish itself in the 
intestinal tract containing the usual bacterial flora. 

3. The shock and the fatal course of the disease 
are enhanced by the micrococcal enterotoxin. 

4. The effect of the enterotoxin may be negated 
by the administration of corticotropin (ACTH), a 
lifesaving therapy. 

These four postulates will be discussed 
under separate headings. 





* References 6, 7, and 8. 















1. PSEUDOMEMBRANOUS ENTEROCOLITIS IS AN 
INFECTION PRODUCED BY MICROCOCCUS 
PYOGENES 

The earlier writers sought the explana- 
tion of this fatal enteritis in various theories. 
Penner and Bernheim,’ writing in 1939, and 
Penner and Druckerman® again, in 1948, 
felt that vasomotor mechanisms acting in 
shock were responsible for the condition 
called necrotizing enterocolitis. In the series 
of cases reported by Dixon and Weismann ' 
the authors found no pathogen which they 
could incriminate as the responsible bacterial 
agent. In the series reported by Prohaska, 
Govostis, and Taubenhaus,? only one posi- 
tive culture of M. pyogenes was obtained 
from seven cases. The failure of recognition 
of M. pyogenes in the stools of these patients 
may have been due to the fact that many 
hospital laboratories did not include M. 
pyogenes (Staphylococcus) as a reportable 
intestinal pathogen. 

As late as June, 1954, Pettet, Baggenstoss, 
Judd, and Dearing ® wrote, “Unfortunately 
after thorough investigation of both the 
clinical and pathological aspects of this dis- 
still in the dark as to the 
etiological factors involved.” Yet, it is not 
difficult to obtain overwhelming evidence 
in support of the existence of M. pyogenes, 
often in pure cultures, in the intestinal tract 
of patients dying from pseudomembranous 
enterocolitis. American,+ British, as well 
as French § and Swiss literatures '* present 
numerous instances of positive identification 


ease, we are 


of M. pyogenes in fatal cases of pseudomem- 
branous enterocolitis. A good survey of the 
world’s literature is found in Rentchnick’s 
excellent paper.® 

The data gathered from these various re- 
ports indicate that M. pyogenes has been 
isolated in pure culture a sufficient number 
of times to name it as the likely etiological 
agent of the disease. Of course, such an 
assertion would gain considerable strength 
were it possible to reproduce the disease in 
animals. We were not able to reproduce the 





+ References 10, 11, 12, and 14. 
t References 15, 16. 
§ References 8, 17. 
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Tas_e 1.—Sample Reports of Isolation of Micro- 
coccus Pyogenes in Enterocolitis 





No. of 
No.of Positive M. 
Cases Pyogenes 
Author Reported Cultures 
POMRGNE, BA” vcccscescecesvccnsven 12 12 
WUE: Sn -cavicnadiccnsceneeeticnnnce 1 1 
Girard, M.; Fraisse, H & Simon, 

De sacks Can vbedve¥eeunrekenearesvene 3 3 
Jackson, G. G., & 8 2 
Kramer, I. R. H.15 1 1 
Terplan, K.; Paine, J. 

& Lansky, H.* 8 8 
Wakefield, R. D., & Sommers, 8. C.*! 3 3 
Brown, W. J.; Winston, R., & Som- 

DEH, Bi. Gee caccxcectadsiaccvveseves 2 3 
Fairlie, C. A., & Kendall, R. E.11.... 3 3 
Herrell, W. E.; Nichols, D. R., & 

PEs Wie tencncvedincenacecene 14 14 


enteritis in two monkeys and nine kittens 
used in experiments in support of the second 
postulate. 

2. MICROCOCCUS PYOGENES DOES NOT GROW 
IN THE INTESTINAL TRACT CONTAINING 
THE USUAL COLONIC FLORA 

The understanding of the mechanism of 
the disease depends on the appreciation of 
a simple fact that M. pyogenes does not 
grow in the presence of the normal colonic 
flora. 


food poisoning was seldom able to recover 


Dack ** in his extensive studies on 
M. pyogenes in the stools of volunteers who 
took the microbes by mouth. The illness that 
follows food poisoning is not due to the 
ingestion of M. pyogenes but to the inges- 
tion of the toxins produced in vitro by these 
organisms. The human volunteers did not 
become after administration of the 
microbe minus its toxin, nor were they able 


sick 


to grow the Micrococcus in their intestines 
in sufficient numbers to recover it in their 
stool cultures. The statement, “Micrococcus 
pyogenes does not grow well in the intestinal 
tract containing the usual coliform organ- 
isms,” is so important to the understanding 
of the mechanism of the disease that further 
proof was sought in support of this con- 
tention. 


An experiment was devised to determine 
whether a strain of M. pyogenes 
fatal cases of pseudomembranous 
enteritis could be established in the intestinal 
tracts of monkeys and, if established, whether 


isolated 
from 


these animals would develop the disease. 











‘TO- 


rf 
pM. 
nes 
res 


ns 
nd 


)W 


of 
of 
ot 


on 
er 
ho 
at 
he 


se 
ot 
he 
le 
eS 
ir 
us 
ial 


or 
ng 


er 








TABLE 


Day Hour 
0 —6 
0 0 
0 12 
0 17 
0 18 
1 0 
1 12 
1 17 
1 18 
9 0 
2 12 
2 17 
3 0 

12 
3 17 
4 0 
4 2 
) 0 
) 12 
6 0 
6 12 
7 0 
7 12 
- 0 
8 12 
9 0 

10 0 
11 0 
11 12 
12 0 
12 12 
12 13 
12 i 
12 22 
13 12 
M4 0 
4 WZ 


M. J. Surgalla, 
above experiment. 











Antibiotie 
Administered 
Orally, Mg. 


0 


Oxytetracycline, 100 
Oxytetracycline, 100 
0 


0 
Oxytetracycline, 100 
Oxytetracycline, 100 

0 

0 
Oxytetracyeline, 100 
Oxytetracyeline, 100 

0 
Oxytetracyeline, 100 
Oxy tetracycline, 100, 
plus dihydrostrepto- 
mycin (i.m.), 500 

0 
Oxytetracycline, 100; 
dihydrostreptomycin 
(i.m.), 500 
Oxytetracycline, 100; 
dihydrostreptomycin 
(i.m.), 500 
Oxytetraeycline, 100; 
dihydrostreptomycin 
(i.m.), 500 
Oxy tetracycline, 100.. 
dibydrostreptomycin 
(i.m.), 500 
Oxytetracyeline, 100; 
dihydrostreptomycin 
(i.m.), 500 
Oxytetracyeline, 100; 
dihydrostreptomycin 
(i.m.), 500 
Oxytetracycline, 100; 
dihydrostreptomycin 
(i.m.), 500 
Oxytetracyeline, 100; 
dihydrostreptomycin 
(i.m.), 
Oxytetracycline, 100; 
dihydrostreptomycin 
(i.m.), 500 
Oxytetracycline, 100; 
dihydrostreptomycin 
(i.m.), 500 
Oxytetracycline, 100; 
dihydrostreptomycin 
(i.m.), 500 
Oxytetracycline, 100; 
dihydrostreptomycin 
(i.m.), 500 
Oxytetracycline, 100; 
dihydrostreptomycin 
(i.m.), 500; neomycin, 
250; chloramphenicol, 
125; suecinylsulfa- 
thiazole, 500 
Oxytetracycline, 100; 
dihydrostreptomycin 
(i.m.), 500; neomycin, 
250; chloramphenicol, 
125; suecinylsulfa- 
thiazole, 500 
Oxytetracycline, 100; 
dihydrostreptomycin 
(i.m.), 500; neomycin, 
250; ehloramphenicol, 
succinylsulfa- 
thiazole, 500 
Oxytetracycline, 100; 
dihydrostreptomycin 
(i.m.), 500; neomycin, 
chloramphenicol, 





















125; suecinylsulfa- 
thiazole, 500 

0 

0 

0 


Oxytetracycline, 100; 
dihydrostreptomycin 
(i.m.), 500; neomycin, 
250; chloramphenicol, 
250; suecinylsulfa- 
thiazole, 500 

0 





0 


Amount of 
Micrococcus 
Pyogenes 
Suspension 
Fed, Ml. 


0 
0 


0 
0 


0 





e 

Wt. 2 

Yeast, E. coli, Strept., 
Gram--+sporeformers 





E. 


E. 





E. coli, Strept., 
Micrococcus 


pyogenes? 


E. coli, Strept. 
Gram-—rods, Strept. 


E. coli, Strept., 
yeast 


Pure yeast 


Strept., Staph. albus 
Gram-—rods, Staph. 
aureus, yeast 





Gram-—rods, Strept. 
Gram-—rods, Gram- 
+eoeei 





Yeast only 
Formed, slimy stool 


Department of Microbiology, University of Chieago, provided 


Stool Cultures 


Monkey No. 820, 
Wt. 3,220 Gm. 


Yeast, E. coli, Strept., 


Proteus 


E. coli, Strept., 
Proteus 


E. coli 


E. coli, 





E. coli, yeast 


E. coli, Strept. 


Gram-—rods, Strept. 


E. coli, Strept., 
yeast 


E. coli, Strept., 
yeast 


Strept., Gram-—rods 


Gram-—rods, Strept. 
Gram-—rods, Gram- 
+eocei 





Yeast only 
Watery, slimy stool 


technical assistance in 





the 
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These animals were selected because they 
were sensitive to the toxin procduced in 
vitro by this strain of Micrococcus. In order 
to remove the usual colonic flora, heavy 
doses of oxytetracycline (Terramycin), di- 
hydrostreptomycin, and other antibiotics 
were administered orally (Table 2). 

The experimental data summarized in 
Table 2 clearly indicate the failure of an 
attempt to grow M. pyogenes in the intestinal 
tracts of monkeys, even when the normal 
flora is disturbed by heavy doses of anti- 
hiotics. 

Similar experiment was conducted on kit- 
tens. Kittens, like monkeys, are sensitive 
to the enterotoxin produced in vitro by 
M. pyogenes. It was not possible to obtain 
stool cultures free from Escherichia coli in 
these animals even after heavy doses of 
oxytetracycline, neomycin, and succinylsulfa- 
thiazole (Sulfasuxidine). These drugs were 
used in various combinations on nine kittens. 
They received a heavy suspension of M. 
pyogenes isolated from fatal cases of pseudo- 
membranous enteritis. At the end of one 
month of intensive experimentation, we 
became convinced that it was not possible 
to reproduce the disease or to establish M. 
pyogenes as a growing colony in the in- 
testinal tract of these kittens. 

The observations on human volunteers, 
as well as the experiments on monkeys and 
kittens, indicate that M. pyogenes does not 
grow in the intestinal tract in the presence 
of normal coliform flora. The development 
of micrococcal enteritis would, therefore, de- 
pend on the absence of coliform organisms 
at the moment when a source of M. pyogenes 
is available to grow into pathogenic propor- 
tions. The Micrococcus may come from the 
mouth of the patient or from food swallowed 
or from the 


‘ 


‘suppressed existence” in the 
intestine or other body sites after the coli- 
forms have been destroyed by antibiotics or 
by means unknown, 

Such an episode should, at best, be a 
rare one, and indeed the incidence of 
pseudomembranous enterocolitis is rare. 
Forces other than antibiotics may alter the 
intestinal flora and thus give M. pyogenes 
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an opportunity to develop the disease. These 
other forces may very well include disease 
of the bowel, such as rectal or colon car- 
cinoma, bowel obstruction, or paralytic ileus. 
It is not the province of this study to point 
out how normal flora could dis- 
appear without the use of antibiotics! Such 


colonic 


a normal, mixed growth of bacteria cannot, 
by its own nature, be stable. If we accept 
this premise, then many variations of colonic 
flora must exist. Occasionally, a variation 
could develop which would favor the growth 
of M. pyogenes. Thus, in this manner, it 
would be possible to explain the few cases 
of pseudomembranous enterocolitis develop- 
ing in the absence of antibiotics. 

3. THE SHOCK AND THE FATAL COURSE OF 
THE DISEASE ARE ENHANCED BY THE 
MICROCOCCAL ENTEROTOXIN 

The rapidly fatal course preceded by se- 
vere diarrhea and shock puzzled clinicians 


and led them to devise untenable theories.|| 

The symptomatology of pseudomembra- 
nous enterocolitis is not unlike that of food 
poisoning. The patient suffering from micro- 
coccal food poisoning usually survives. He 
receives a single dose of enterotoxin pro- 
duced by the Micrococcus in the food before 
ingestion. The micrococci ingested with the 
food are rapidly destroyed by the normal 
coliform Thus, the 
single nonperpetuating dose of enterotoxin 


flora of the intestine. 


is usually survived by the victim. 

In pseudomembranous enterocolitis, the 
patient receives a quantity of Micrococcus 
at a time when this organism can reproduce 
itself in the intestinal tract and thus provide 
a continuous supply of enterotoxin. Surgalla 
and Dack ** tested 33 strains of micrococci, 
and 30 were found to produce enterotoxin. 

The experiences with micrococcal entero- 
toxin in food poisoning, the findings of 
micrococci in pure cultures at necropsies of 
patients dying from  pseudomemiranous 
enteritis, and the isolation of the entero- 
toxin in the majority of these strains of 
micrococci should constitute ample evidence 
to assign a definite role to the enterotoxin 


ee 


|| References 4 and 9. 
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in the fatal course of the disease. The idea 
of the role of the enterotoxin is supported 
by the favorable reaction of the patients to 
corticotropin. 


4. THE EFFECT OF THE ENTEROTOXIN MAY BE 
NEGATED BY THE ADMINISTRATION 
OF CORTICOTROPIN 





In 1954 one of us? reported a sudden 
and spectacular recovery of three patients 
suffering with pseudomembranous enteritis 
or colitis after intramuscular administration 
of corticotropin. These patients were on the 
brink of death; the diagnoses were con- 
firmed by laparotomies, and the patients’ 
recoveries were complete and _ spectacular 
within 24 hours after the administration of 
the drug. This phenomenon also has been 
observed by several clinicians, who reported 
the observation to us. In 1953, Nebout and 
Forestier ** described micrococcal septicemia 
with multiple abscesses cured with cortisone 
after prolonged failure with antibiotics. Ber- 
trand-Fontaine, Schneider, and Lubetzki *° 
reported two cases of micrococcal septicemia 
which recovered after cortisone therapy was 
given when antibiotics failed. They believed 
the action of cortisone was exerted on the 
toxins produced by the micrococci. Even 
though direct experimental evidence is lack- 
ing, the experiences quoted here strongly 
suggest that the mode of action of corti- 
cotropin and cortisone is on the toxin rather 
than on the micrococci. 

Many authors have designated erythromy- 
cin as an antibiotic which has a_ specific 
action against micrococci and, therefore, ad- 
vised it as the only drug in the treatment 
of pseudomembranous enteritis. This may 
be quite true, but in most instances the 
enteritis presents a rapid downhill course 
marked by shock, so that there is no time 
to wait until erythromycin develops suffi- 
cient concentration to destroy the organism. 
Even if this could be accomplished, the host 
would still have to get rid of a quantity of 
residual 


enterotoxin. If corticotropin is 


given, the “neutralization” of the toxins ap- 


pears to be immediate; when it is given to 
patients, they appear well within a few 
hours. The erythromycin, of course, should 


also be given for its lethal action on the 
micrococci, if they are sensitive to it. 


Benign, lingering diarrheas appearing after 
antibiotic therapy are not to be confused 
with pseudomembranous enteritis or colitis. 
These benign diarrheas are produced by a 
simple bacterial derangement of the colonic 
flora without the development of entero- 
toxin-producing Micrococci. 


SUMMARY AND CONCLUSION 

Micrococcus pyogenes is the etiological 
agent of acute pseudomembranous enteritis 
or colitis. 

The micrococci are able to establish them- 
selves in quantities to produce the disease 
only when the normal coliform organisms of 
the intestine are suppressed by antibiotics or 
by other unknown factors. 

The severe diarrhea, circulatory collapse, 
and sudden death are enhanced by the 
enterotoxin produced by the micrococci, 
whether they are present in the intestine 
or other sites of the body. 

The therapy of this rapidly fatal complica- 
tion should include corticotropin (ACTH) 
to quickly “neutralize” the enterotoxin and 
erythromycin to arrest further growth of 
the micrococci. 

The disease should be named micrococcal 
enteritis or colitis, as the case may be. 


DISCUSSION 

Dr. Wayne C. Bartiett, Wichita, Kan.: This 
is a condition which clinically can be very terrifying 
and one in which many times it is difficult to be able 
to accomplish anything effective. I do believe Dr. 
Prohaska and his group should be congratulated 
upon the nice piece of work they have done. I should 
like to ask them one or two questions. 

First, what is their opinion regarding the great 
many reports occurring as to the fungus nature of 
pseudomembranous enterocolitis? There is a great 
deal in the literature on this point, and I am sure 
there are those who will take a different viewpoint 
than that of the authors. 

Perhaps it would be well for you to remember that 
there are a number of points we should always 
keep in mind. Dr. Tom Jones, lately of Cleveland, 
who died a few years ago and who was one of the 
great gastrointestinal surgeons of this country, ex- 
pressed an opinion many times that the indiscrimi- 
nate use of antibiotics produced more difficulty in 
gastrointestinal surgery, in his opinion, than almost 
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any other type of therapy that had been introduced. 
To the very end he seldom used antibiotics in his 
preoperative preparation for bowel surgery. He 
continued the use of careful decompression and a 
careful technique, feeling that he was able to ac- 
complish as good or better a result as with the in- 
discriminate or the constant use of antibiotic ther- 
apy. We, however, believe that the judicious use of 
preoperative antibiotic therapy is of considerable 
value. 

I should like to cite very briefly one case that is 
rather interesting. The man was about 65 years of 
age, and two years previously had had a severe 
bowel hemorrhage. The physician who saw him at 
that time hospitalized him, transfused him, and 
treated him expectantly. After the man had im- 
proved sufficiently, x-ray examination was made 
and it was found he had a rather marked diverticu- 
litis. No evidence of malignancy could be found. 

He was placed on conservative therapy and did 
quite well for about two years. At that time he 
hemorrhaged again and was ill only a short time, 
and then he returned to work. Three months later 
he developed an intense diarrhea with an elevated 
temperature. This occurred about nine days before 
I saw him. 

The subsequent course following the diarrhea 
In 24 hours after the onset, he 
hemorrhaged rather severely. At that time, he was 
placed on a regimen of streptomycin and penicillin in 


was as follows: 


large doses and was hospitalized. He did fairly well. 
His temperature returned to normal, and his diar- 
rhea ceased in 24 hours, but he had no further 
bowel movements. 

Four days later he became rather toxic and dis- 
tended, and he went downhill rapidly. At the time I 
saw him he was cyanotic, distended, had a complete 
ileus, and was semicomatose and dehydrated, with 
all the subsequent features that mark such a state. 

He was transferred to our hospital with the feel- 
ing that he probably would not even stand the trip 
there. He did stand it, however. He was hydrated 
and given blood and, I might add, cortisone and 
corticotropin both and was placed on erythromycin 
rather than the antibiotics he had been on. 

Twenty-four hours later we opened the man with 
trepidation. At that time we found a complete 
gangrene of practically the entire small bowel and 
the right colon, with multiple perforations through- 
out. All of the small intestine except a few centi- 
meters of the proximal jejunum were resected, as 
well as the cecum and ascending colon. 

The report pseudomucinous 
enterocolitis. He lasted for a good while. He recov- 
ered enough to leave the hospital. His postoperative 
management was difficult, especially his fluid bal- 
ance and electrolytes, nutrition, and so forth. The 
man lived for almost eight months, although he 
never became a useful citizen again. 
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A. OF SURGERY 
Once again I should like to express appreciation 
to Dr. Prohaska for his very fine presentation. 

Dr. Epwarp S. Jupp, Rochester, Minn.: When I 
was invited to discuss this very fine paper I had 
an opportunity to look over the manuscript, and I 
noted reference to a paper we had published several 
years ago. At that time we stated that we had not 
found any specific cause for a large number of these 
cases. Since then we have found that our bacteriolo- 
gists have altered their media so that positive cul- 
tures are obtained in some cases. 

We thought earlier that there might be two 
separate and distinct entities, the pseudomembranous 
disease on the one hand and the Micrococcus enteri- 
tis on the other. Perhaps it is all ‘ust part of the 
same process. 

Actually, it is a rather old entity. The elder 
Finney, long before the turn of the century, de- 
scribed it beautifully. It occurs in people who are 
not necessarily in a hospital. It occurs in people 
who are on the medical service and have never had 
an operation. However, it is commoner in the post- 
operative intestinal case. 

We have incriminated oxytetracycline perhaps 
unnecessarily, but we have thought that more of our 
cases have been prepared for intestinal surgery with 
complete courses of oxytetracycline. We have dis- 
continued its use on our own service and are using 
just neomycin. However, I am afraid we are going 
to see it again, because the bacteria seems to be 
many steps ahead of the physicians in most cases. 

For a time erythromycin appeared to be almost a 
specific in the treatment of this dread complication. 
Now, however, the micrococci are becoming re- 
sistant to erythromycin also, and I am afraid we 
are headed for still more trouble. 

Dr. Joun VAN Prowaska, Chicago: I should 
like to thank Dr. Bartlett and Dr. Judd for dis- 
cussing this problem. 

I do not believe, Dr. Bartlett, that there is much 
evidence for the fungus nature of pseudomembranous 
enterocolitis. Certainly, the evidence supporting M. 
pyogenes as the causative agent of the disease is 
overwhelming. Micrococcus pyogenes produces an 
enterotoxin which is responsible for the fatal symp- 
toms. In cases of food poisoning this enterotoxin has 
been known for many years by bacteriologists. The 
symptoms and the mechanism of necrotizing entero- 
colitis appear to be best explained in terms of micro- 
coccal invasion of the gastrointestinal tract when 
the normal colonic flora is either disturbed or 
destroyed. 

I do not believe the use of antibiotics ought to be 
stopped because of this rare complication, but I do 
believe we must be continually on guard and be wise 
in the choice of intestinal antibiotics. 

My impression, too, Dr. Judd, is that perhaps 
oxytetracycline has been implicated oftener than 
any other antibiotic, and oxytetracycline in my ex- 
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perience has been the most efficient drug for 
Escherichia coli. 

In the earlier cases the laboratory department of 
the Chicago Memorial Hospital was not able to 
culture out any specific bacteria, and in some of the 
smaller hospitals the laboratories did not report the 
positive cultures of Staphylococcus as pathogens in 
stool cultures. Some of the earlier work, therefore, 
did not recognize M. pyogenes as the most frequent, 
if not constant, finding in the stools of these patients. 

There are some interesting cases in which the 
disease has occurred without antecedent surgery. 
Food poisoning is almost never fatal; yet there is a 
report in the literature of the death of two children 
from food poisoning following the use of antibiotics. 
What happened was that they ingested the entero- 
toxin made in vitro in the food along with a few 
microscocci, and when they were given intestinal 
antibiotics the normal colonic flora was disturbed or 
destroyed so that Micrococcus could survive. In this 
manner a case of food poisoning was converted into 
pseudomembranous enterocolitis followed by death. 


REFERENCES 

1. Dixon, C. F., and Weismann, R. E.: Acute 
Pseudomembranous Enteritis or Enterocolitis: 
Complication Following Intestinal Surgery, S. Clin. 
North America 28:999-1023 (Aug.) 1948. 

2. Prohaska, J. V.; Govostis, M. C., and Tauben- 
haus, M.: Postoperative Pseudomembranous Enter- 
ocolitis: Successful Treatment with Corticotropin 
(ACTH), J. A. M. A. 154:320-323 (Jan. 23) 1954. 

3. Finney, J. M. T.: Gastroenterostomy for 
Cicatrizing Uleer of Pylorus, Bull. Johns Hopkins 
Hosp. 4:53-54 (March) 1893. 

4. Penner, A., and Bernheim, A. L.: Acute Post- 
operative Enterocolitis : Study on Pathologic Nature 
of Shock, Arch. Path. 27:966-983 (June) 1939. 

5. Kleckner, M. S., Jr.; Bargen, J. A., and 
Baggenstoss, A. H.: Pseudomembranous Entero- 
Clinicopathologic Study of 14 Cases in 
Which the Disease Was Not Preceded by an Opera- 
tion, Gastroenterology 21:212-222 (June) 1952. 

6. Pettet, J. D.; Baggenstoss, A. H.; Judd, 
E. S., Jr., and Dearing, W. H.: Generalized Post- 
operative Pseudomembranous Enterocolitis, Proc. 
Staff Meet. Mayo Clin. 29:342-349 (June 16) 
1954. 

7. Dearing, W. H., and Heilman, F. R.: Micro- 
coccic (Staphylococcic) Enteritis as Complication 
of Antibiotic Therapy: Its Response to Erythro- 
mycin, Proc. Staff Meet. Mayo Clin. 28:121-134 
(March 11) 1953. 

8. Rentchnick, P.: Les Accidents provoqués par 
les antibiotique, Antibiotica et chemother., progr. 
1:96-179, 1954. ; 

9. Penner, A., and Druckerman, L. J.: Entero- 
colitis as a Postoperative Complication and Its Sig- 
nificance, Gastroenterology 11:478-487 (Oct.) 1948. 


colitis : 


10. Brown, W. J.; Winston, R., and Sommers, 
S. C.: Membranous Staphylococcal Enteritis After 
Antibiotic Therapy: Report of 2 Cases, Am. J. 
Digest. Dis. 20:73-75 (March) 1953. 

11. Fairlie, C. W., and Kendall, R. E.: Fatal 
Staphylococcus Enteritis Following Penicillin and 
Streptomycin Therapy, J. A. M. A. 153:90-94 
(Sept. 12) 1953. 

12. Herrell, W. E.; Nichols, D. R., and Martin, 
W. J.: Erythromycin for Infections Due to Micro- 
coccus Pyogenes, J. A. M. A. 152:1601-1606 (Aug. 
22) 1953. 

13. Jackson, G. G., and Finland, M.: Comparison 
of Methods for Determining Sensitivity of Bacteria 
to Antibiotics in Vitro, A. M. A. Arch. Int. Med. 
88: 446-460 (Oct.) 1951. 

14. Terplan, K.; Paine, J. R.; Sheffer, R., and 
Lansky, H.: Fulminating Gastroenterocolitis Caused 
by Staphylococci: Its Apparent Connection with 
Antibiotic Medication, Gastroenterology 24:476- 
509 (Aug.) 1953. 

15. Kramer, I. R. H.: Fatal Staphylococcal 
Enteritis Developing During Streptomycin Therapy 
by Mouth, Lancet 2:646-647 (Oct. 23) 1948. 

16. Gardner, D. L.: Aureomycin-Resistant 
Staphylococcus Enterocolitis, Lancet 2:1236-1238 
(Dec. 12) 1953. 

17. Girard, M.; Fraisse, H., and Simon, R.: A 
Propos D’entérécolites graves consécutives aux 
traitements par les antibiotiques d’origine fungique, 
J. méd. Lyon 35:833-844 (Nov. 5) 1954. 

18. Helmig, H.: Choleriformes Syndrom als 
Komplikation bei Antibioticatherapie, Schweiz. med. 
Wehnschr. 84:1382-1385 (Dec. 11) 1954. 

19. Rentchnick, P.: Die akute Staphylokokken- 
enterokolitis, eine ernste Komplikation der Anti- 
biotika-Therapie, Deutsche med. Wehnschr. 80: 
892-895 (June 10) 1955. 

20. Williams, E.: Staphylococcal Pseudomem- 
branous Enterocolitis Complicating Treatment with 
Aureomycin, Lancet 2:999-1000 (Nov. 13) 1954. 

21. Wakefield, R. D., and Sommers, S. C.: Fatal 
Membranous Staphylococcal Enteritis in Surgical 
Patients, Ann. Surg. 138:249-252 (Aug.) 1953. 

22. Dack, G. M.: Food Poisoning, Ed. 2, Chi- 
cago, University of Chicago Press, 1949. 

23. Surgalla, M. J., and Dack, G. M.: Enterotoxin 
Produced by Micrococci from Cases of Enteritis 
After Antibiotic Therapy, J. A. M. A. 158:649- 
650 (June 25) 1955. 

24. Nebout, R., and Forestier, J.: Septicémia a 
staphylocoques guérie par la cortisone, Bull. et 
mém. Soc. méd. hop. Paris 69:787-790 (Oct. 23) 
1953. 

25. Bertrand-Fontaine, T.; Schneider, J., and 
Lubetzki, J.: Action favorable de la cortosone dan 
2 cas de septicémia a staphylocoques, Bul. et mém. 
Soc. méd. hép. Paris 58:1030-1041 (Oct. 10-17) 
1952. 


983 











RICHARD C. POWERS, M.D. 

MELVIN C. GODWIN, Ph.D., M.D. 

and 

HIRAM T. LANGSTON, M.D., Hines, lil. 


The 


replete with arguments concerning the benig- 
dD D> db 


literature on bronchial tumors is 
nity or malignancy of bronchial adenomas. 
Similar allusions as to the unreliability of 
bronchial tumors of mesenchymal origin have 
been voiced.!| These discussions have cen- 
tered around the various clinical as well as 
anatomical and pathological facets which are 
considered to be indicative of the behavior 
potential in such cases. As important as 
these considerations are, the final clinical 
outcome is the only ultimate measure of 
benign or malignant nature. We have thus 
studied our material, not only searching for 
the usual determinants of behavior potential 
but also considering as highly important the 
morbidity which these lesions can produce. 
For the purposes of this study we reviewed 
all the records of endobronchial tumor seen 
at the Veterans Administration Hospital 
wherein the neoplasm was not frankly carci- 
noma or sarcoma. 


MATERIAL AND METHOD 

Included in this series were all treated cases of 
bronchial adenoma and all treated cases of “benign” 
endobronchial tumors of mesenchymal origin. The 
pathology in all cases was reviewed by one of us 
(M. G.), resulting in a compiled series of 14 cases 
of bronchial adenoma, 1 of endobronchial fibroma, 

Read at the 63d Annual Meeting of the Western 
Surgical Association, Seattle, Dec. 3, 1955. 

From the Departments of Surgery (Dr. Powers 
and Dr. Langston) and Pathology (Dr. Godwin) 
of the Veterans Administration Hospital. 
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1 of endobronchial leiomyoma, 1 of endobronchial 
chondroma, and 1 of endobronchial leiomyosarcoma, 
which had previously been mistakenly diagnosed as 
benign. The follow-up on these cases was carried 
out by the Tumor Section of the Veterans Admin- 
istration Hospital, Hines, Ill. 


PATHOLOGY 

We believe that bronchial adenomas of the 
so-called carcinoid type arise from ducts of 
bronchial glands. Our cases show the typical 
cords and masses (Fig. 3) of well-differen- 
tiated cells with rounded nuclei and _ finely 
divided chromatin particles, which show 
marked resemblance to the small terminal- 
duct segments of bronchial glands. There is 
no evidence of origin from surface epithelium. 
Usually the surface epithelium is intact 
(Fig. 3). Occasional small gland-like forma- 
tions are seen, indicating origin from bron- 
chial glands, but none showed any serous 
or mucus-gland cells associated with the 
tumor cells. No case showed true encapsula- 
tion. On the contrary, there often were 
extensions from the main mass of the tumor 
consisting of thin narrow cords of cells 
(lig. 4). Frequently these cords appeared 
inside lymphatic channels, while in some in- 
stances there was definite invasion of cells 
inside both lymphatic and vascular channels 
(Fig. 5). Despite this evidence of invasive 
tendency, the cells showed good differentia- 
tion. No distant metastases were found. The 
case shown in Figure 5 has been followed for 
five and one-twelfth years, and there has 
been no known persistence or recurrence of 
the tumor. 

One case of mucus-cell adenoma is differ- 
ent from our other cases. Large glandular 
formations composed entirely of well-differ- 
entiated columnar mucus cells were present 
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Fig. 1—An endobronchial adenoma is shown projecting into the lumen from the wall of a 
large bronchus, which has been opened. 





Fig. 2—A round bronchial adenoma 2.5 cm. in diameter obstructs the lumen and compresses 
surrounding structures. 

Fig 3.—Microsection shows a typical bronchial adenoma, carcinoid type, with bronchial 
epithelium intact. 

Fig. 4.—Microsection shows the unencapsulated border of a well-differentiated bronchial 
adenoma. Small cords of tumor cells are extending peripherally in the lymphatics. 

Fig. 5.—Microsection shows a well-differentiated bronchial adenoma growing in vascular 
channels. 
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lig. 6.—Microsection shows a_ well-differentiated adenoma with metaplastic bone and 
glandular cells secreting mucin. 

Fig. 7.—Microsection shows the border of endobronchial chondroma with cells well 
differentiated. 

Fig. 8.—Microsection shows the surface of an endobronchial fibroma with small well- 
differentiated cells and abundant stroma. 

Fig. 9.—Microsection shows the surface of an endobronchial leiomyosarcoma. The surface 
epithelium is irregular and distorted but still intact. Cells are large and spindle-shaped, with 
large hyperchromatic nuclei. 
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(Fig. 6). The interstitial stroma contained 
spicules of ectopic bone (Fig. 6), as has been 
found in similar cases by others.? We believe 
that this tumor arises from bronchial mucus 
glands. 

We found no endobronchial tumors of the 
cylindroma type, so frequently reported. 

Our series contained one chondroma from 
bronchial cartilage, which was biopsied re- 
peatedly. The structure of all biopsy speci- 
typical well-differentiated 
cartilage (Fig. 7). This patient died of com- 
plications secondary to the obstruction caused 
by the tumor. 


mens showed 


Our series likewise includes one fibroma. 
The tumor was composed of small widely 
spaced well-differentiated fibroblasts with an 
abundance of interlacing collagenous fibrous 
bundles (Fig. 8). The surface epithelium 
consisted of a single thin layer of flattened 
cuboidal cells. 

Of the two cases of leiomyoma there was 
one whose histopathology was typical. The 
other case was diagnosed as leiomyoma, but 
review of this specimen showed malignant 
characteristics. The tissue was edematous. 
The cells were large, elongated, and spindle- 
shaped (Fiy. 9). Nuclei were elongated, en- 
larged, and definitely hyperchromatic. The 
myofibrils connecting the cells cannot be 
identified. The epithelium over the surface 
was altered but intact. Subsequent recurrence 
and local extension resulting in death of the 
patient confirmed the histological diagnosis 
of malignancy. 


STATISTICAL ANALYSES 


Two of the patients were Negroes (11%), and 
all patients were males. The age range was from 
19 to 71 years. The average age at the onset of 
symptoms was 40. The family history in all cases 
was noncontributory. There was no associated or 
antecedent respiratory disease present in any case. 

Only one case was without symptoms, and the 
diagnosis was made by routine chest x-ray. The 
commonest presenting symptom was productive 
cough, 78% of the patients exhibiting this. Fifty 
per cent of the patients experienced hemoptysis, and 
forty per cent of the patients experienced bouts of 


severe lower respiratory infection. In all cases 


where pneumonia developed, this was the presenting 
symptom complex. Hemoptysis, reputedly a com- 
mon complaint, was the initial symptom in only 
three cases. Weight loss, chest pain, dyspnea, and 
wheeze were less common symptoms. The duration 
of symptoms ranged from 3 months to 21 years, 
an average duration of 3 years, 6 months. When 
physical findings were present, these were consistent 
with the signs of endobronchial obstruction and 
peripheral atelectasis. 

The roentgenographic findings were of two basic 
types. One group of patients exhibited findings 
consistent with endobronchial obstruction, i. e, 
pneumonitis and atelectasis. The smaller group of 
patients showed isolated spheroidal lesions in the 
lung fields. In none of the latter was calcium seen 
on x-ray. 

The tumor was visualized bronchoscopically in 
every case, although in one case the bronchoscopic 
field was so obscured by previous surgery and as- 
sociated disease that endoscopic examination was 
little short of impossible. The tumors were variously 
described as being red, purple, gray, or white. Some 
were mobile and moved with respiration, whereas 
others were not. Not all of the tumors bled on 
contact with the bronchoscope. Location of the 
tumors was variable, with three in the right main 
bronchus, one in the right upper lobe bronchus, 
none in the right middle lobe bronchus, five in the 
right lower lobe bronchus, four in the left main 
bronchus, none in the left upper lobe bronchus, and 
five in the left lower lobe bronchus. 


TREATMENT 

For the purpose of discussing the results 
of treatment, the series has been divided into 
three groups. The first group comprises those 
cases whose tumor was of mesenchymal 
origin. The second group consists of cases 
of bronchial adenoma treated prior to 1947, 
at which time treatment was endoscopically 
directed. The third group also consists of 
bronchial adenomas, which were, however, 
treated primarily by pulmonary resection. 
This has been the accepted initial therapy at 
this hospital since 1947. 

Table 1 presents the four tumors of mesen- 
chymal origin. The first leiomyoma of the 
bronchus was treated locally in 1946 by ful- 
guration of the base of the tumor. Bronchos- 
copy subsequently showed an endobronchial 
scar which was nonstenosing. This patient 
experienced no recurrence of tumor and had 
no residual pulmonary pathology as a result 
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TaABLe 1.—Mesenchymal Tumors 








Tumor 
Leiomyoma 


Treatment 
Bronchoscopie 
removal 
Repeated (9) 
bronchoscopic 
removals 
Transpleural 
bronchotomy 


Chondroma 


Fibroma 


Leiomyoma * Successive (2) 


lobectomies 


* Pathology review: leiomyosarcoma. 
of the tumor itself and can thus be considered 
to represent a good result. 

The patient with the endobronchial chon- 
droma was treated initially by electrofulgura- 
1935. 


Was 


tion in Treatment over the next 12 


years necessitated because of chronic 
pulmonary infection and hemorrhage. Nine 
therapeutic bronchoscopies were carried out, 
followed by a rib resection and drainage of 
a lung abscess; the case terminated in death 
from massive pulmonary hemorrhage. 

The patient with the endobronchial fibro- 
ma, reported elsewhere,* was treated initially 
by bronchotomy and local excision in 1946 
and has been relatively asymptomatic since. 

The fourth case was diagnosed elsewhere 
initially as a leiomyoma and treated by pul- 
monary resection, The patient suffered a 
local recurrence of this tumor, necessitating 
completion of the pneumonectomy. This was 
done at the Veterans Administration Hospi- 
tal, Hines, IIl., but the case eventually ter- 
minated fatally because of extension in the 
opposite main bronchus two years and three 
months after the initial treatment. 

Table 2 refers to those cases of bronchial 
adenoma treated initially by local therapy. 
I.ocal treatment consisted of electrocoagula- 
tion, insertion, external 


radon-seed X-ray 


Taste 2.—Bronchial Adenoma: Results Without 
Primary Resection 

No. of 

Patients 
1 Outeome good 
1 Lost to follow-up (symptomatic) 
1 Death: heart disease (symptomatic) 
3 Pulmonary resection after 30 years 


- (combined) of symptoms 
Total 6 
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Result 
Good 


Follow-Up 
6 yr., 11 mo. 


Death: abscess 
and hemor- 


38 yr. 


rhage 
Good 3 yr.,6 mo. 
Death: sareoma 2 yr., 3 mo. 


Tas_e 3.—Bronchial Adenoma: Results with 


Primary Resection 


No. of 
Patients Result 
1 vecccceseuserecccscercsevescceeoecee Good 
ER iiae ca Kecdawins nachenvacesepubessewes Poor 
Total 8 


* One case with superficial infection. 
t Death from postoperative coronary thrombosis. 


radiation, and local excision with biopsy 
forceps. Of these six cases, only one patient 
remained asymptomatic and required no 
further treatment. The remaining five cases 
either experienced recurrence of tumor or 
had persistent evidence of chronic pulmonary 
suppurative disease distal to the tumor site 
Those that 
finally came to pulmonary resection did so 
total of 30 


necessitating further treatment. 


after a combined years of 


symptoms. 

Table 3 is a compilation of those cases of 
bronchial adenoma which were treated ini- 
This 
rather dramatically represents a contrast to 
Table 2. 


operatively, 


tially by pulmonary resection. chart 
One patient died two weeks post- 
presumably from myocardial 
infarction, Of the remaining seven patients, 
none has experienced recurrence of tumor 
and none has required any further therapy. 
xcept for one case of subcutaneous stitch 
abscess, there was no postoperative mor- 
bidity. 
COMMENT 


One of the problems associated with the 
treatment of these tumors is the determina- 
tion of the extent of malignancy of the tumor, 
with its tendency to recur. This problem is 
well illustrated by the fourth case in Table 1. 
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In February, 1945, the patient was admitted to 
the Veterans Administration Hospital, Hines, IIL, 
complaining of shortness of breath, hemoptysis, and 
productive cough. A review of the patient’s past 
history revealed that in 1944 he had undergone a 
left lower lobectomy for “polyp, with secondary 
peripheral atelectasis.” Physical examination at 
Hines was consistent with left upper-lobe consolida- 
tion, which was supported by x-ray findings. Bron- 
choscopy revealed an irregular mass occluding the 
left main bronchus; biopsy diagnosis was “leiomy- 
oma.” On March, 15, 1945, the remaining portion 
of the 


left lung was resected. The postoperative 


course was uneventful. In July, 1945, he was read- 
mitted complaining of recurrence of productive 
cough. By bronchoscopic examination a recurrence 


of the tumor was seen at the tracheal carina. Re- 
peated attempts were made to eradicate the tumor 
bronchoscopically, but these all failed. The patient's 
course was steadily downhill, and he died in No- 
vember, 1945, 

A present review of the slide taken at the 
time of his initial admission to Hines shows 
unequivocal evidence of leiomyosarcoma. 
Had the proper microscopic appraisal been 
made initially, it is likely that treatment 
would have been more radical. Possibly an 
original pneumonectomy would have resulted 
in survival for this patient. 

Tables 2 


marked difference in course following the 


and 3 show dramatically the 


two basic types of initial treatment. A case 
report will serve to emphasize the morbidity 
associated with the incorrect diagnosis and, 
therefore, the incorrect treatment of a bron- 
chial adenoma. 

In February, 1930, a patient was first admitted 
to Hines Hospital. He complained of a fistulous 
tract in the right chest, which had developed after 
surgery. His past history revealed that between 
1920 and 1922 this patient had had two episodes of 
dysentery treated by his local physician. In 1925, 
he had an episode of fever and hemoptysis, diagnosed 
as pneumonia and treated by a local physician. In 
1926, he had a recurrence of pleuritic chest pain 
and hemoptysis for two weeks. He had another 
episode of fever and hemoptysis, which was treated 
as pneumonia by his local physician. Between 1926 
and 1928, he had 


hemoptysis, with intermittent production of purulent 


repeated bouts of fever and 


sputum. In 1928, an abscess was drained through 
the bed of the right ninth rib. The surgeon’s diag- 
nosis was “amoebic liver abscess, with rupture into 


the lung.””. However, no amebae were found and 


there was no response to therapeutic courses of 








The patient was then referred to the 
Veterans Administration Hospital at Hines because 


emetine. 


of the persistent bronchocutaneous fistula. 

In April, 1930, an incision and drainage of a small 
abscess in the right ninth interspace was carried 
out. 
procedures were carried out, with resection of re- 


In July, 1930, and September, 1930, similar 


generated rib on each occasion. In January, 1931, 
the region was reexplored, but nothing definitive 
was done. In February, 1931, a phrenic crush was 
carried out on the diseased side. During this entire 
span of time since admission the patient had ex- 
from the 
bronchocutaneous fistula. In January, 1932, he had 


perienced persistent drainage apparent 
another resection of the eighth and ninth ribs, and 
the liver was explored and found to be “negative.” 
An intrapleural paraffin pack was placed at the base 
of the lung at the same procedure. Later in Janu- 
ary, 1932, another intrapleural pack was placed in 
the pleural cavity. He was discharged from the 
hospital with the fistula still present, and this con- 
tinued to drain from 1931 to 1939. 


hemoptysis, 


During this time 
he had recurrent bouts of purulent 
sputum, debility, and weight loss. He was broncho- 
scoped here in 1939 and a “tumor mass” was seen 
in the right tracheobronchial tree. Biopsy was read 
as “carcinoma not excluded.” The patient was dis- 
charged without further treatment. In 1940, he was 
readmitted from the Veterans Administration Hos- 
pital, Biloxi, Miss., because of the persistent sinus 
tract in the right chest, severe hemoptysis, and 
productive cough. A two-stage thoracoplasty on the 
In 1944, he was readmitted 
with persistence of severe hemoptysis. He was here 
from then until 1946, and in 1946 a pneumonectomy 
was done. A bronchial adenoma was found occlud- 


right chest was done. 


ing the right bronchus intermedius. Postopera- 
tively he developed a persistent bronchopleural fis- 
tula, which necessitated drainage of the pleural 


space. When last seen he had a persistent broncho- 
pleural fistula, but he was otherwise in good health. 

Thus, from 1925 to 1952 the patient spent 
approximately 75% of his time hospitalized 
at Hines or elsewhere. He was a total eco- 
nomic loss and during that time became a 
morphine addict. The diagnosis of endo- 
bronchial adenoma is confirmed on reexami- 
nation of the original slides, and it is our 
opinion that this patient’s entire problem 
from the outset had its origin in a peripheral 
lung abscess secondary to the obstructing 


adenoma. 
SUMMARY AND CONCLUSIONS 


The experience at the Veterans Adminis- 
tration Hospital, Hines, Ill., with endobron- 
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chial tumors that were not frankly carcinom- 


atous or sarcomatous has been reviewed. 
This consisted of 4 neoplasms of mesen- 
and 


chymal origin 14 belonging to the 


adenoma group. 

It is evident from our series that the most 
satisfactory treatment for these lesions is to 
extirpate them with adequate margin. In 
this resection should be included areas of 
lung that are unsalvably involved as second- 
ary effects of the presence of the tumor. 

We further confirm the opinion that on 
histopathologic grounds alone these tumors 
often present aspects of malignancy and are 
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therefore unpredictable in their behavior. 
Failure to treat them adequately initially will 
result in great morbidity, if not in death, 


for the patient. 
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This report is submitted to present the 
current findings of the follow-up studies of 
493 Billroth I type of subtotal gastric re- 
sections done over a period of seven and 
one-half (1948-1955). The clinical 
studies reported here are supplemented by 


years 


experimental data comparing the results of 
the Pillroth I and the Billroth II types of 
operation when there is an abnormally high 
stress of acid-peptic secretion. 


I. CLINICAL DATA 
The operative procedures were performed in the 
affiliated hospitals of the University of Washington 
——— 
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School of Medicine. The operations were done by 
the members of the surgical faculty or residents in 
surgery trained by them. 

Among the total of 493 Billroth I gastrectomies, 
42 were carried out for malignant disease. Since our 
interest in this presentation is directed primarily 
toward the treatment of benign lesions, the patients 
with malignancy will be eliminated from further 
consideration, except for some brief comments. 

During the seven and one-half years encompassed 
by this study (Jan. 1, 1948, to June 30, 1955) a 
total of 451 Billroth I subtotal gastrectomies were 
done for benign lesions. Three modifications of the 
Billroth I resection were utilized, namely, (1) the 
Hofmeister resection with a classical end-to-end 
Schoemaker-Billroth I gastroduodenal anastomosis, 
(2) the Hofmeister resection with a Finney-von 
Haberer (end-to-side) gastroduodenal anastomosis, 
and (3) the “combined operation” wherein a 50% 
gastrectomy is done in conjunction with a subdia- 
phragmatic vagotomy and gastroduodenal continuity 
is restored (Fig. 1). In the last category 34 such 
operations were done up to July, 1955, and we 
anticipate increasing the number in this group in 
the future. Detailed studies of these cases will be 
presented in a separate report in the future. 

The choice of operative procedures, whether Bill- 
roth II or Billroth I and its modifications, was left 
to the discretion of the operating surgeon. A major- 
ity of the operations were done by either the classi- 
cal of the 
Billroth I resection or the Haberer 
modification (417 cases). It is this majority of cases 
which forms the principal basis of this report. 


Hofmeister-Schoemaker modification 


Finney-von 


Age and Sex.—Sixty-seven per cent of 
the Billroth I resections were done in pa- 
tients more than 50 years old, and forty per 
cent of the resections were done in patients 
more than 60 years old. The youngest patient 
resected 23 old, 
and the oldest patient was 87 years. Seventy- 


in this series was years 
eight per cent of the patients operated upon 
were men. 

Duration of Symptoms.— The average 
duration of peptic ulcer symptoms before 
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TOTAL NUMBER OF BILLROTH I OPERATIONS FOR 





BENIGN DISEASE 





451 








Hemigastrectomy + Finney - 
Gastroduodenostomy von Haberer 
+ Vagotomy (end- a side) 


Fig. 1.—Distribution ac- 
cording to specific tech- 
nique of the 451 Billroth 
I operations for benign 
disease in our series. 





Hofmeister - 
Schoemaker 


(end-to-end) 
al 
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resection was 10.5 years. Sixty-eight per 
cent of the patients had symptoms for five 
years or longer, while eighty-three per cent 
of the patients had symptoms of gastro- 
duodenal disease for more than one year. 
Those patients who had resections and had 
symptoms for less than one year either had 
acute massive bleeding, failure of medical 
treatment for a gastric ulcer, or acute per- 
foration. 

Indications for Surgery.—The indications 


for gastric resection in our group of patients 








TABLE 1.—I/ndications for Surgery in 417 Patients 
with Benign Disease * 
Number Per Cent 
Acute massive bleeding............... 67 16 
INE, Sin aicawiaeeGasaans ube sn aee 72 17 
PPUCVIGUS: DICOUINT oi. 5s ose sccusenccecans 126 30 
Perforation 
PMN cateec ca iem varisomasaneal nics 78 18 
MEM a ahaceangeassacenaramnesaneu™ 36; 8 
Failure of conservative treatment.... 179 43 
Gastrie ulcer 86 21 
Marginal uleer 10 2 
Gastrie polyps 5 1 
Other benign neoplasms or ectopia.. 2 0.4 
ND... cavicareeriurensdeadenkin 7 1.6 


* Average duration of symptoms was 10% years. 
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are summarized in Table 1. Surgical inter- 
vention was obligatory and urgent in ap- 
proximately one-third of the patients on the 
basis of massive bleeding or obstruction. 
In the strictest sense, all gastroduodenal 
lesions requiring surgical treatment represent 
failures of medical management. [lowever, 
we have included in that category largely 
those patients with gastric ulcers which 
failed to heal under medical treatment, in- 
tractable pain produced by duodenal ulcera- 
tion, or recurrent blood loss due to peptic 
ulcer. In a small group of patients (36) 
the ulcers were resected following acute 
perforation, in accordance with the criteria 
set forth by Moore, Harkins, and Meren- 
dino (1954). 

Ten of the gastric resections were done 
for alleged marginal ulceration. No marginal 
ulceration was found in one patient who 
had a previous Billroth IT subtotal gastrec- 
tomy. Six of the marginal ulcers were found 
in simple gastrojejunostomies, while three 
stomal ulcerations were found after a previ- 
ous Billroth Il type of gastric resection. 
Miscellaneous indications for resection in- 
cluded increasing obesity with ulcer diet, 
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hypertrophic pyloric stenosis, recurrent duo- 
denal ulcer following Finney pyloroplasty, 
prolapsing redundant gastric mucosa, and 
hemorrhagic hypertrophic gastritis. 
Pathologic Findings. — A diagrammatic 
illustration of the pathologic findings (Fig. 
2) reveals that 248, or 60%, of the 417 re- 
sections were for duodenal ulcerations. Fur- 
thermore, 26 additional patients (6%) had 
combined duodenal and gastric ulcers. Thus 


Marginal ulcer 9 (2%) 
| ¢ Miscellaneous 16 (4%) 









Gastric 
118 
(28%) 






=Cases with 


274 (66%) duodenal ulcer 


Fig. 2.—Distribution of the 417 total cases of 
Billroth I operations (not including those with 
vagotomy) in our series according to pathologic 
findings. It is of interest that 66% either had duo- 
denal ulcer or mixed gastric and duodenal ulcer. (If 
the marginal ulcer and miscellaneous cases are not 
considered in this calculation, 70% of our operations 
for benign gastroduodenal pathology were for duo- 
denal ulcer.) 


66% (274 cases) of the total number of 
Billroth I resections done for benign lesions 
(417 cases) were performed in patients with 
duodenal ulceration. Twenty-eight per cent 
of this total group of 417 patients had iso- 
lated gastric ulceration found in the resected 
specimen. Nine marginal ulcerations were 
found, and two-thirds of these were second- 
ary to a simple gastrojejunostomy. 

No pathology was detectable in five of 
the specimens resected. A majority of these 
resections were done for’massive acute upper 
gastrointestinal bleeding. Two of these pa- 


tients have had subsequent gastrointestinal 
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bleeding without roentgenologic or gastro- 
scopic detection of the source. The miscel- 
laneous pathologic findings include ectopic 
pancreatic tissue with ulceration in the duo- 
denum or antrum, pyloric hypertrophy, 
hemangioma of the stomach, diffuse hemor- 
rhagic gastritis, afferent loop dilatation (a 
3illroth II converted to Billroth I), angula- 
tion of an old gastrojejunostomy, prolapsing 
gastric mucosa, gastric polyps, and lei- 
omyomata. 

Amount Resected—Since simple visual 
estimation of the percentage of stomach re- 
sected is subject to grave error, a method 
of obtaining patterns of the resected portion 
and of the residual portion of the stomach 
was used. The surface area of each pattern 
was subsequently measured by means of the 
polar planimeter, and the percentage of re- 
section done was calculated from these 


3 


ABLE 2.—Average Percentage of Stomach Re- 
moved in 186 Resections for Peptic Ulceration 








Per Cent 








ot 

P : Stomach 

Uleeration Removed 
Duodenal ulcer 74 
Duodenal uleer with gastric uleer.............. 75 
CIOMSE DE WN xd Sactncanee ceuncednusccsuceandveawus 68 


measurements (Moore and Harkins, 1952). 
This has proved to be an excellent means 
of training the surgical residents in obtain- 
ing an accurate estimation of the amount of 
stomach being resected at operation. 

Using the pattern method as a measuring 
and training device, we obtained accurate 
determinations in 186 resections wherein 
the average percentage of resection was 
72.3%. The average resection for duodenal 
ulcer was 74%, while the resections done for 
gastric ulcer averaged 68% (Table 2). 

Postoperative Complications —Major and 
minor postoperative complications were pres- 
ent in 85 patients following the Billroth I 
operation, or an operative morbidity of 
18.6% (Table 3). This morbidity rate in- 
cluded the 14 postoperative deaths following 
subtotal gastrectomy for benign disease. 

The mortality rate for the Billroth I re- 
sections done for benign disease (451 cases) 
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TasLeE 3.—Postoperative Complications in 451 
Billroth I Gastric Resections Done for 
Benign Disease 

















Number 
ot 

Complication Cases 
Atelectasis and pneumonia 30 
Wound dehiscence...........+. oe 4 
Wound imfection........ccccecceccceccscccceccece 16 
Pulmonary eMbolism.........cecceeceeeeeeeeeeee 4 
Cerebrovascular accident or myocardial in- FE 
DEMIS cages hucinesncacseesesisaesmeneveeganes 5 
Heart failure........cceeceseescsees 2 
Phlebothrombosis .......seeeeseeeee 2 
Subhepatic abscess....sessceeceeceeeeeeeeeeers 1 
PANCreatitis .....ccceecececcccccccccccesecves ° 1 
Pancreatic fistula.. 1 
Peritonitis ........++. jabesscunnsedenadoneenens 2 
Urinary-tract infection.........sceeeseseeeeeeees 2 
Delerium tremens.......ccccccececcecseeceseecece 1 
Extreme ileusS.......ccccccccccccsccescccccccccs ee 3 
Reperforation from nasogastric TIDES... cccscese 1 
Stomal ObDStruction........cceecececceccesecccene 4 
Anastomotic leak........cccececceececccreveecess 1 
MNT ic cicninn va sci Roane see banea nuns casaneeen® 80 


was 3.1% and represents 14 postoperative 
deaths. The age of the youngest patient in 
this mortality series was 51 years, and the 
oldest patient was 85 years old. Four were 
under 65 (51, 58, 61, and 63) and seven 
(50%) were 74+ or older, the two oldest 
being 81 and 85 years of age. The average 
age of the 14 patients in this group was 70 
years. Seven of these patients were operated 
gastrointestinal 


upon for massive 


hemorrhage. Surgical intervention was also 


upper 


urgent in four additional patients on the 
basis of obstruction (three patients) or acute 
perforation (one patient). Thus, in only 
three patients who died postoperatively could 
gastric resection be classified as an elective 
procedure. 

The average postoperative hospital stay 


was 11.2 days. However, in a small group 
(30 cases) done by three former residents 


now in private practice, the average hospital 
stay was 8.6 days. 

Follow-Up Studies——Approximately 95% 
of the patients were interviewed personally 
in follow-up studies by one of us. In a few 
cases the follow-up was accomplished by 
telephone or by letter. The factors which 
were of particular interest in the follow-up 
interviews included (1) patient satisfaction, 
(2) surgeon satisfaction, (3) change in body 
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weight, (4) dumping syndrome, and (5) 
ulcer recurrence. 

Results of Follow-Up.—1|. Patient Satis- 
faction: The degree of patient satisfaction 
with the results following operation was 
recorded in 331 patients. Four per cent (12 
patients) of these patients expressed dis- 
satisfaction with results of the operation, 
whereas ninety-six per cent (319 patients) 
believed they had excellent or satisfactory 
results after operation (Table 4). 

2. Surgeon’s Satisfaction: Those patients 
who were free of symptoms, maintained or 
gained body weight, and expressed satisfac- 
tion with the postoperative results were 
classified as an “excellent” result. “Satis- 
factory” results included those patients who 
had mild or nonincapacitating dumping 
symptoms and slight weight loss but were 
free of ulcer symptoms and expressed satis- 
faction with the postoperative result. The 
patients with “poor” results had severe per- 
sistent dumping symptoms, marked weight 
loss, diarrhea, ulcer 
included the 


ulcer recurrence, or 
This 
postoperative deaths. 
criteria, 61% 


symptoms, group also 
According to these 
(216 patients) had excellent 
results, 25% (86 patients) had satisfactory 
results, and 14% (51 patients) suffered 
poor results (Table 5). Thus, according 
to the strict criteria used by the surgeon in 
estimating the postoperative results, an ex- 


cellent or satisfactory outcome following 


TABLE 4.—Classification of Results in 331 Patients 


with Billroth I Resections for Benign Disease 








Patient’s Estimate Per Cent 


Py Mics cuneucudansercecseeccducasedeceuus i 

Satisfactory results.....cccccoccocces canemaesin 18 | 
96 

SEWED SORON OD iovs ccdecuyesuescawetxadeeveade 78 } 


TABLE 5.—Classification of Results in 353 Patients 
with Billroth I Resections for Benign Disease 








Surgeon’s Estimate Per Cent 


SE. BONN ON acd ca sdng sinsarccates Madedeckeins 14 
BOEBIRCTOLY TOOUIOB 6 o.o.oosics cisiecccesscvercseccce 25 

86 
ROMUUOG TOMO sic ovis vescescpccreiacsisiakes 61 
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Billroth I resection for benign disease was quent marginal ulceration which were con- 


obtained in 86% of the patients. verted to the Billroth I anastomosis in an 
3. Change in Body Weight: Body-weight effort to control their ulcer diathesis. 
data were obtained preoperatively and post- The over-all incidence of proved ulcer 


operatively in 387 patients. In this group recurrence following Billroth I resection for 
181 patients gained weight, no change in duodenal, gastric, and stomal ulceration was 
body weight was found in 42 patients, and 1.1%. Eleven additional Billroth I resection 
163 patients lost weight after gastric re- patients (2.4%) have been followed up post- 
section. Thus 58% of the patients with ade- operatively for intermittent bleeding and/or 
quate records gained or maintained their other ulcer symptoms but without detectable 
postoperative weight, whereas 42% of the ulceration to roentgenologic and gastroscopic 
patients lost weight. examination. If these latter unproved cases 
4. Dumping Symptoms: Among the pa- are included among the patients with re- 
tients who had a Billroth I resection for Current ulceration, the over-all recurrence 
benign disease (451 patients), persistent in- Tate is 3.5%. 
capacitating dumping symptoms were pres- It is of interest that when the 274 patients 
ent in 3 patients. Eighteen additional patients with duodenal ulceration are considered the 
reported mild to moderate dumping symp- two instances of proved recurrent ulceration 


Tape 6.—Ulcer Recurrence in 437 Patients with Subtotal Gastrectomy for Benign Disease 
Who Survived Operation * 





Original 
Age, Type of Uleer Type of Treatment After 
Patient Sex Pr. Treated Operation Recurrence Recurrence 
Rcgdeuaus cascdevenmnesuekenoes F 73 Gastric B I Gastric Conservative 
CUGKER LAS ERE RENCE eK aie wae M 52 Duodenal BI Stomal Vagotomy 
Viskdiscersncsaseuswaces ae M 52 Stomal BII-BI Stomal Vagotomy 
Prec keduanicenudasendvasneany M 16 Stomal BII-BI Stomal Conservative 
5 M 44 Duodenal B I Stomal Vagotomy 


* Total uleer recurrence rate was 1.1%. 


toms on direct questioning. These symptoms give an incidence of only 0.7%. It is also of 
included a feeling of fullness with discomfort interest that the two recurrences following 
on overeating, mild or moderate postprandial Billroth I resection for marginal ulcer may 
weakness relieved by brief recumbency, oc- Tepresent instances of ulcer diathesis. Un- 
: : fortunately, no examination directed pri- 
marily toward the pancreas was made (Elli- 
son, 1955 *). 


casional postprandial mild diarrhea, occa- 


sional episodes of “sweating” with over- 


eating, weakness and faintness with ingestion 


of sweets or liquids with meals, or occasional ANALysis or Fottow-Up or THE “ComBINED 
episodes of nausea. Furthermore, three pa- OPERATION” FOR BENIGN GASTRO- 

tients had moderate to severe dumping DUODENAL DISEASE 

associated with ulcer-like symptoms but no The combined operation was performed 
detectable ulcer. in 34 patients. The preoperative and op- 


erative findings are unchanged from those 
presented in a previous report (Harkins, 
Schmitz, Nyhus, Kanar, Zech, and Griffith, 
1954), except that one more patient was 
operated upon for duodenal ulcer. A majority 
of these patients have been followed for 


5. Ulcer Recurrence: Table 6 summarizes 
the follow-up findings with respect to ulcer 
recurrences. There was a total of five proved 
recurrent ulcers, four of which were stomal 
in location and one of which was in the 
residual stomach. Two of the stomal re- 





currences developed in patients who had had 


; ; * Ellison, E. H., personal communication to the 
previous Billroth II resections with subse- authors. 
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more than two years. There have been no 
ulcer recurrences or ulcer symptoms in this 
subseries of cases. No dumping was present 
in 84% (27 cases) of the 32 patients fol- 
lowed, and mild dumping was found in 16% 
(5 cases). Severe dumping was not en- 
countered. Some degree of weight loss was 
present in 54% of these patients, whereas 
23% of the patients gained weight. Ninety 
per cent of these patients felt that operation 
excellent result, and two patients 
results. One patient classified his 


gave an 
had fair 
result as 
diarrhea. The surgeon’s estimate of the re- 


“poor” because of mild persistent 


sults was as follows: excellent, 83% ; satis- 
14%; poor, 3%. There were no 


factory, 
postoperative deaths in this subseries. 

Billroth I Gastric Resection for Malignant 
Disease.-—Forty-two Billroth I subtotal gas- 
tric resections were done for malignant dis- 
ease. A majority of these resections were pal- 
liative procedures. The Finney-von Haberer 
end-to-side anastomosis was used in two 
patients. The mortality rate in the group 
was 24%. More than 70% of these patients 
were over 60 years of age, and the average 
age was 70 years. Eighteen patients have 
died since discharge. 


COMMENT 


Pertinent data concerning 493 Billroth I 
subtotal gastric resections have been pre- 
sented with reference to the preoperative 
clinical findings, operative procedures, and 
postoperative clinical follow-up. Although 
the operative procedures described have been 
performed over a seven and one-half year 
period, the duration of follow-up is still too 
short to draw many definitive conclusions 
from the data now available. However, the 
data presented serve to indicate to some 
degree the probability of long-term results. 

It is becoming clearly apparent that the 
use of the Billroth I operation for duodenal 
ulcer is not only feasible with an adequate 
gastric resection but that such an operation 
can be performed with safety in a major 
proportion of the patients with duodenal 
ulcer. Two hundred seventy-four Billroth I 
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gastrectomies have been done in patients 
with duodenal ulcers. This represents 70% 
of the patients with gastroduodenal ulcera- 
tive disease. Three technical factors have 
enabled us to perform a Billroth I operation 
in the presence of a posterior penetrating 
duodenal ulcer or a duodenal ulcer with ex- 
tensive scarring. These technical factors are 
(1) medial mobilization of the duodenum 
according to the method described by 
Kocher; (2) use of the terminolateral type 
of anastomosis (Finney-von Haberer) where 
the ulcer cannot be removed with safety or 
where an end-to-end anastomosis would be 
under tension; (3) use of the Strauss 7} 
maneuver (1952), wherein a posterior pene- 
trating duodenal ulcer is approached through 
the anterior duodenal wall, thus enabling 
one to peel the posterior mucosa away from 
the ulcer under direct vision. Knowledge 
and utilization of these three techniques is 
essential if an adequate (75%) Billroth I 
resection is to be accomplished with safety 
in a high percentage of duodenal ulcers. 

The advantages of the Billroth I resection 
in our experience are as follows: 

1. Technical ease of performing the opera- 
tion. The Billroth I operation is done in 
the supracolic portion of the peritoneal cav- 
ity. The decision concerning the selection 
of a long or short loop for anastomosis and 
the placement of this loop in the anticolic or 
retrocolic position is eliminated. There have 
been no gastrocolic fistulae in our series of 
Billroth I resections. The end-to-end anas- 
tomoses used in a majority of our cases 
were accomplished with ease, and there was 
no necessity for closure of the mesocolic 
opening. 

2. The danger of leakage from the duo- 
denal stump is nonexistent in a majority of 
the cases. Even in the Finney-von Haberer 
type of anastomosis the danger of dilatation 
of the very short afferent loop with possible 
duodenal stump leakage is minimized. 

3. The nutritional status of the patients 
following the Billroth I operation appears 

7 Strauss, A. A., personal communication to the 
authors, 1951. 
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to be superior to that following the Billroth 
Il operation. A comparison of the body 
weight changes in our patients having Bill- 
roth I and Billroth II types of resections 
in the same hospitals was made. Previous 
studies concerning these patients reported 
by Moore, Schlosser, Stevenson, Harkins, 
and Olson (1953) revealed that 58% of the 
Billroth I patients gained or maintained their 
postoperative weight. Of the Billroth II pa- 
tients, 26% gained or maintained their body 
weight. The most recent follow-ups of the 
Billroth I patients indicate that there is no 
change in the percentage of patients with 
satisfactory nutritional status. Admittedly, 
the significance of postoperative body weight 
change is difficult to assess, since such 
factors as poor absorption, inadequate mix- 
ture of food with the gastrointestinal secre- 
tions, or simple insufficient daily caloric 
intake may be of cardinal importance and 
have not been critically determined. There 
are reports which indicate that the Billroth 
[ operation is superior to the Billroth [1 
from a nutritional standpoint (Perman, 
1947) (Everson, 1954). We agree with Zol- 
linger (1954) that the gain or loss of 
body weight following subtotal gastrectomy 
is related significantly to the patient’s body 
type. 

4. Experimental studies tend to indicate 
that the Billroth I anastomosis is less likely 
to develop stomal ulceration than the Billroth 
Il anastomosis. 

The undesirable sequelae of the Billroth | 
operation are comparable to those of the 
Billroth II procedure in kind if not always 
in extent. They include (1) the dumping 
syndrome, (2) recurrence of ulcer or ulcer 
symptoms, and (3) postoperative mortality. 
These are considered in detail as follows: 

1. The incidence of persistent dumping 
symptoms is relatively small. A total of 
24 patients reported such symptoms, but 
only 3 of these patients were incapacitated 
by such difficulties, and in 3 additional pa- 
tients dumping was associated with ulcer- 


ne a 


+ Zollinger, R. M., in discussion of Harkins and 
others (1954). 
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like symptoms. Thus the total severe dump- 
ing incidence was 1.4%. Eighteen patients 
had mild to moderate dumping symptoms 
which did not interfere with their activities. 

2. Recurrent ulceration was proved in five 
patients after Billroth I resection. Three of 
these patients were further treated by vagot- 
omy, whereas two patients responded sat- 
isfactorily to conservative treatment. Eleven 
additional patients had ulcer-like symptoms 
or recurrent upper gastrointestinal bleeding 
after Billroth I resection. If these two groups 
are accepted as indicating ulcer recurrence, 
then the incidence of this undesirable post- 
operative development is 3.5%. However, 
when the ulcer recurrence rate is calculated 
in a similar manner for the Billroth IT re- 


Taste 7.—Serious Sequelae in 451 Billroth I 
Gastric Resections for Benign Disease 


Number Per Cent 


POON Ro ioe dics cvcectc ctcniaxcc 5 1,1 
Uleer symptoms and/or bleeding.... 11 24 
Dumping 
NUNES caunnciatatudannuneccadaaeans 3 0.7 
Mild to moderate................. 1s 3.9 
Severe or moderate plus ulcer 
DPD “ws Gadcesuadeneudsdaded 3 0.7 


POUND hc cdicncinacaaacaseccececeds 14 3.1 


sections done in our hospitals the incidence 
of ulcer recurrence is 8.5%. 

3. Postoperative mortality is represented 
by a total of 14 patients. Most of these pa- 
tients were in the older age group (average 
age, 70 years), and for them operation was 
an urgent necessity in many instances on 
the basis of acute massive hemorrhage or 


obstruction. 


Il, EXPERIMENTAL DATA 

Three groups of dog experiments were 
performed to study the relative advantages 
of gastroduodenostomy (Billroth I) and 
gastrojejunostomy after partial gastrectomy. 
The technical details of these experiments 
have been previously described by Harkins, 
Schmitz, Nyhus, Kanar, Zech, and Griffith 
(1954). 

Group 1—Antral Transplant to Colon, 
Formation of a Heidenhain Pouch, and 
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Restoration of Continuity by Either Billroth 
l or Billroth II Anastomosis —tThe antral 
transplant to the colon was formed to stimu- 
late the Heidenhain pouch to a high level 
of secretion so that any changes in that level 
produced by a switch in the type of anasto- 
mosis could be more readily observed. The 
the (the 
Heidenhain pouch and the antral transplant 
both being left unaltered throughout the 
experiment) was converted from a Billroth | 
to a Billroth I], or from a Billroth II to a 
Billroth I. There was a tendency for either 


anastomosis to main stomach 


conversion to produce a rise in the secretion 
level, but the former conversion caused a 
03% the 


pouch (average of 18 conversions), while 


increase in secretion level from 
the latter caused only a 38% increase (aver- 
age of 14 conversions). These results are 
not as striking as was originally hoped, but 
at least they indicate that the Billroth I type 
of anastomosis does not seem to have as 
marked a stimulating effect on Heidenhain 
pouch secretion as does a Billroth IT anasto- 
mosis. The other two groups of experiments 
produced more striking effects. 

Group 2.—dAntral Transplant to Colon 
and Restoration of Continuity by [Either bili- 
roth I or Billroth IT Anastomosis (Dragstedt 
Preparation).—The antral transplant was 
used to stimulate gastric secretion to abnor- 
mal levels, thus producing stomal ulcers at 
the gastric outlet. Fifteen dogs were used. 
3illroth I 


deaths 


In the eight dogs with anasto- 
ulcer 
(25%) at an average of 224 days after 
144 days after 
operation without ulcer and of no apparent 


mosis there were two from 


yf 


operation, One dog died 


cause. Two dogs were killed an average 
of 266 days after operation without ulcer. 
Three dogs were converted at an average 
cf 256 days after operation from a Billroth | 
to a Billroth II, and all three of these dogs 
then died with marginal jejunal ulcer in an 
average of 45 days. 

In the seven dogs with Billroth IT anas- 
tomosis there were six deaths from ulcer 
(86%) at an average of only 52 days after 
operation. One dog died 89 days after opera- 
tion without ulcer. 
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Group 3.—Antral Resection and Discard, 
Restoration of Continuity by Either Billroth 
I or Billroth II Anastomosis, and Histamine 
Stimulation of Gastric Secretion—In this 
instance abnormally high gastric secretion 
was obtained by histamine injections rather 
than by antral transplant to the colon. In 
the 


(50%) died with ulcer an average of 162 


sillroth I series of eight dogs, four 


days after operation (three of these dogs 
had perforated ulcers; one had only bleed- 
ing). In addition, one dog died in 135 days 
of acute gastroduodenitis without ulcer and 
three dogs were killed an average of 389 days 
after operation, no ulcers being found. 

On the Billroth I] 
series of nine dogs eight (89%) died with 


the other hand, in 


ulcer at an average of only 68 days after 
operation (six of these dogs had perforated 
ulcers). In addition, one died of intestinal 
obstruction due to adhesions 129 days after 
operation and no ulcers were found. 
SUMMARY OF 


CLINICAL DATA 


A total of 493 Billroth I subtotal gastrec- 
tomies have been performed by our group 
over a period of seven and one-half years. 

The Billroth | 
feasible and safe, providing three technical 


resection appears to be 
indicated. 
include (a) 
proper mobilization of the second portion 


manuevers are utilized when 


These technical maneuvers 
of the duodenum, (0) use of a terminolateral 
type of anastomosis, and (c) a transduodenal 
approach to the penetrating posterior type 
of duodenal ulcer. 

Ninety-four per cent of the Billroth | 
resections were performed in patients with 
gastroduodenal ulcerative disease, and sixty- 
six per cent of the patients had duodenal 
peptic lesions. 

The incidence of postoperative trouble- 
some dumping symptoms was found to be 
relatively low, 1.4%. 

The incidence of proved ulcer recurrence 
1.1%. 


post yperative 


was [lowever, if all patients with 
Billroth I ulcer 


(with and without proved ulcers) are in- 


symptoms 


cluded, the unproved recurrent ulcer rate 


: Los 
1s 3.5 70. 
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The relatively high postoperative mor- 
tality rate of 3.1% is related not particularly 
to the nature of the subtotal gastrectomy 
performed but rather to the conditions which 
made surgical intervention mandatory in 
elderly patients. 


SUMMARY OF EXPERIMENTAL DATA 

In the presence of a hypersecreting Heiden- 
hain pouch, a Billroth II type of anastomosis 
led to a relatively greater stimulation of free 
hydrochloric acid secretion from the pouch, 
as opposed to a Billroth I anastomosis. 

In two groups of experiments in which 
gastric secretion was artificially stimulated 
to high levels of activity (by antral trans- 
plant to the colon or by histamine injection), 
the duodenum seemed less susceptible to the 
development of experimental stomal ulcer 
than did the jejunum (as compared by 
Billroth T and Billroth IT tvpe anastomoses 


in dogs). 


DISCUSSION 

Dr. Kennet BitNer CAstetton, Salt Lake 
City: I should like to congratulate Dr. Kanar for 
his beautiful presentation this morning, and also Dr. 
Harkins and his associates for the interesting and 
very worth-while contributions that they have made 
over « period of years tu our better understanding 
of this procedure. 

[ have been very much interested in this opera- 
tion for the past few years, and have now accumu- 
lated a group of cases (a small group in comparison 
to Dr. Harkins’) consisting of fifty cases in which 
I have performed operations. Most of my cases have 
been done for gastric ulcer or gastric carcinoma. 
Only a very few have been done for duodenal ulcer, 
and in a few cases I have combined vagotomy with 
conservative gastric resection. 

I have been very pleased with the results. Al 
though Dr. Kanar did not have time to point out 
the many advantages, I will review a few of them 
briefly. 

In the first place, the operation is somewhat 
easier technically than the more conventional pro- 
cedures, and it can be done more quickly and there- 
fore is adaptable in certain elderly and péor-risk 
patients when the other procedures may carry a 
somewhat higher risk. No one will deny that it is a 
more physiological procedure, and I am sure that 
all who have had experience with it will agree that 
the dumping syndrome is less common and _ less 


severe, although not entirely eliminated. 


Weight loss is certainly less pronounced and less 
common. This has been shown to be due to the fact 
that there is actually less fat and protein loss in 
the stools than in the more commonly performed 
procedures. 

There are two objections to the procedure which 
have been raised. One is that anyone who sets out 
with the preconceived idea of doing a Billroth I 
may consciously or unconsciously perform a less 
radical procedure—a procedure which would not be 
adequate according to our present criteria. This 
objection is a purely theoretical one. As Dr. Kanar 
has shown, it did not diminish the size of their 
resections. 

Sir James Walton, a few years ago, in consider- 
ing this objection, denied that it was true and said 
that actually the reverse was more nearly true; he 
pointed out that we have an actual paradox in which 
with more radical resections one may complete the 
Billroth I operation more easily than the more con- 
servative procedure because in the former the stom- 
ach is mobilized more completely in its upper por- 
tion and this makes it easier to bring the stomach 
down, so that the anastomosis can be done actually 
with less tension than in the less radical procedures. 

I have been very pleasantly surprised to find how 
easy it is to complete these Billroth I operations in 
most cases without tension. Indeed, I have per- 
formed three total gastrectomies and several nearly 
total gastrectomies and have completed the pro- 
cedures as end-to-end anastomoses without difficulty. 

The other objection has been that the recurrence 
rate in duodenal ulcer may be higher. There is some 
evidence in the surgical literature which would seem 
to suggest this. However, this is not borne out by 
Dr. Harkins’ series. In talking to several surgeons 
of wide experience, I find that some of them have 
expressed the fear that this might be true, although 
they have been unable to find actual proof that this 
is true. 

I hope that some time in the future Dr. Harkins 
and others who have an opportunity to do so will 
provide us with long-term follow-up studies which 
should make it possible to settle this problem once 
and for all. 

Dr. Epwarp Roy Woopwarp, Los Angeles: I 
will limit my comments on this paper to two aspects 
of the clinical application of the Billroth I pro- 
cedure and a few remarks about the experimental 
data presented. 

It certainly has been a real pleasure to listen to 
this very fine analysis of such a large group of 
thoroughly studied cases with the Billroth I type 
of partial gastrectomy. I agree heartily with Dr. 
Kanar that the Billroth I procedure has very real 
technical advantages to the surgeon and that it 
results in the least possible alteration in gastroin- 
testinal physiology. My personal experience with it 
has been very satisfactory. 
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First, I should like to comment about the inci- 
dence of the dumping syndrome in the Billroth J 
procedure. Dr. Kanar has reported it as 1.4%. At 
the Los Angeles Veterans Administration Center 
we have recently studied by personal interview 253 
patients who have had the standard Hofmeister- 
Polya type of gastrectomy for duodenal ulcer. There 
was mild to moderate dumping in 37 of these pa- 
tients and severe dumping in 20, or an incidence of 
22%. leven though this group is not entirely com 
parable to the group reported by Dr. Kanar, and 
perhaps our criteria of “dumping’’ may be a little 
different, one cannot explain this tremendous dif- 
ference in the incidence except that the Billroth | 
procedure leads to less dumping. The problem is 
whether the duodenum itself is more resistant to 
the development of dumping, or perhaps it is be- 
cause when we make an end-to-end anastomosis to 
the duodenum we are making an anastomosis nar 
rower in diameter than the usual gastrojejunal 
anastomosis, and this may delay emptying from the 
gastric remnant. 

| have used this finding in treating five patients 
with severe dumping syndrome which followed the 
Billroth Il type of subtotal gastrectomy. In these 
patients the gastrojejunostomy was taken down and 
a Shoemaker-Billroth [| gastroduodenostomy was 
performed. The clinical results in all five patients 
have been very satisfactory, with diminished or 
absent symptoms and a satisfactory gain in body 
weight. 

[Slide] One patient was admitted to the metabo 
lic ward before and after conversion to the Billroth 
[ anastomosis. The patient was put on a carefully 
balanced diet for three seven-day periods both be 
fore and after surgery. The preoperative fecal fat 
loss was 10% of the ingested fat, while after con 
version to gastroduodenostomy the fecal fat was 
reduced to 4.2%. 


very significant change in the fecal nitrogen. 


As you will note, there is not a 


The daily loss of calories through the increased 
fecal fat excretion would probably amount to only 
a small and not very greasy hamburger. The loss, 
however, is a continuous and inexorable one. lor 
the most part the weight gain which follows con- 
version to gastroduodenostomy is probably due to 
intake resulting from the 


an increased caloric 


absence of postprandial symptoms. Nevertheless, 
the patient is doubly benefited, since he not only 
eats more but utilizes more efficiently the food which 
he does eat. 
Secondly, I should like to comment about the 
utilization of the Billroth I anastomosis with a con- 
servative partial gastrectomy, or, as I like to call it, 
an antrectomy with vagotomy, in treating duodenal 
ulcer. At the Los Angeles Veterans Hospital we 
have performed about 200 of these procedures since 
1949, and, although our follow-up is still in progress 


and very incomplete, the early results seem to indi- 
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cate that the recurrence rate is going to be ex- 
tremely low. However, we have had difficulty with 
gastric emptying in these patients. In three cases it 
has been necessary to perform gastroenterostomy, 
even though at the time of laparotomy the gastro- 
duodenostomy seemed adequate in size and patent. 
With the propulsive power of the stomach reduced 
by vagotomy, a Billroth I anastomosis may not 
function so well in the immediate postoperative 
period. None the less, it may very well be that the 
long-term results will justify a slightly higher im- 
mediate morbidity. 

The results shown support the finding we believe 
to be true, that the duodenum is more resistant to 
peptic digestion than is the jejunum. Dr. Merendino 
and his associates in the Department of Surgery 
here at the University of Washington have in- 
creased our knowledge about this considerably in 
pointing out that this is probably due to the environ- 
ment and not to actual difference in tissue resist- 
ance. The duodenum has more neutralizer and buffer 
in it than does the jejunum. 

[ believe these experimental findings explain the 
very low recurrence rate reported by Dr. Kanar, 
0.7%. 


who had the Billroth II gastric resections, we have 


In the 253 patients I mentioned previously 


noted to date 23 recurrences, or 9.1%. 

| should like to congratulate Dr. Kanar and his 
co-authors on this excellent paper. Thank you for 
the privilege of discussing it. 

Dr. Oscar T. CLaAcerr, Rochester, Minn. : 1 have 
been interested in the Billroth I type of operation 
for some time. As a matter of fact, eight years ago 
at the Western 
presented a paper on this subject and pointed out 
at that time that Dr. Will Mayo had discussed the 


subject 25 years previously. This indicates some 


Surgical Association meeting I 


interest through the years in Billroth I resection at 
the Mayo Clinic. 

L believe Dr. Harkins and his associates deserve 
a tremendous amount of credit for popularizing the 
procedure in more recent years. There is no ques- 
tion but that it has a valuable place in gastric sur- 
gery, one that was neglected in our surgical efforts 
for a rather long time. 

I believe we should recognize, too, that it is not 
only a good ulcer operation but a good cancer 
operation as well, or at least it can be. Some men 
have questioned that, but I believe it is or can be 
an excellent cancer operation. As a matter of fact, in 
our statistical studies on cancer of the stomach the 
Billroth | type of operation has had the highest 
five-year survival rate and the lowest surgical-risk 
rate of any surgical procedure done for cancer of 
the stomach. 

One might perhaps say that the procedure was 
used in more favorable cases of cancer. That might 
be true. Nevertheless, I believe it indicates to some 








a 


i 





ve 
to 




















BILLROTH 





I SUBTOTAL 





GASTRI¢ 


extent at least that it is or can be an adequate and 
satisfactory cancer operation. 

I don’t believe my indications for the Billroth I 
operation, even with the enthusiasm I have for it, 
are quite as extensive as those of Dr. Harkins and 
his group. I believe it is a good operation if you 
have a good duodenum, and Dr. Harkins and his 
group seem to be able to work out the technical 
details of establishing a good duodenum for anasto- 
mosis. My own feeling is that it is an operation 
that is extremely valuable, but it is one that should 
not be forced. If I find a duodenum that is badly 
scarred, deformed, inflamed, and so on, I would 
rather do a Billroth II type of procedure than a 
Billroth I. 

Dr. H. GLENN Bett, San Francisco: I too should 
like to congratulate Dr. Kanar on his presentation. 
It is obvious that Dr. Harkins picked on one of his 
present this material because he 


young men to 


could do it better than we older men could. 

One of the questions I should like to ask is 
whether they make any differentiation, following 
more or less Zollinger’s idea of taking out more or 
less in a given person who is obese (like myself) 
with a duodenal ulcer than in a thin person with 
a duodenal ulcer. 

In our own experience in about 127 cases we have 
one known instance of recurrent duodenal ulcer. We 
do not have a correct and accurate follow-up on all 
of those patients, however. One of the most striking 
results that I have had personally was on patients 
who had had-a previous gastroenterostomy or a 
Billroth II 


who were unable to return to their former work. 


who could not gain back weight and 


\fter they were taken apart and put back together 
again with the Billroth 1, four of those patients were 
able to regain their normal weight and were able 
to return to their daily activities. 

I ran into a physician in the hallway the day be- 
fore | left for this meeting. It has been only about 
six weeks since he was reconstructed and put back 
Billroth 


gained 17 Ib. Therefore, perhaps there is something 


together with the I, and already he has 
to getting the normal physiology as nearly back to 
normal as possible. 

| should like to ask a question. In the so-called 
bad dumping syndrome, is there some correlation 
between the postoperative comfort and the patient’s 
ability to carry on, on the one hand, and the dura- 
tion of ulcer symptoms that the given patient had 
had before operation, on the other? 

Dr. Carterton Matruewson Jr., San Francisco: 
I have been interested in this operation since 1933 
and have been performing, it with success since 
then, but 1 
Harkins and his group in being able to perform a 


have not been as successful as Dr. 


Billroth I in almost every instance. 


RESECTION 





I agree with Dr. Clagett that when the duodenum 
is deformed and when the ulcer is adherent to the 
pancreas it sometimes is not possible (at least for 
me) to mobilize the duodenum sufficiently to bring it 
over and do an end-to-end anastomosis between the 
and the duodenum 
amount of stomach has been removed. 


stomach when an adequate 


Some have advocated that in these cases the duo- 
denum be mobilized laterally and rotated. We have 
had bad luck with this procedure, inasmuch as it 
has rotated the third portion of the duodenum and 
I prefer the Billroth I 
type of procedure when feasible because it usually is 


caused obstruction there. 


followed by less loss of weight than the Billroth II. 

Two years ago we reported our experience with 
conversion from Billroth II to Billroth I to relieve 
Since that 


have had additional cases and, as Dr. Bell men- 


postgastrectomy symptoms. time we 
tioned, have been very happy indeed with the results. 
| should like to substantiate what Dr. Clagett said 
and say, that is that this frequently is an excellent 
operation for carcinoma. 

Dr. R. Morton Borman, Fort Wayne, Ind.: Last 
year at the meeting of this Association we had the 
privilege of reporting 104 hemigastrectomies with 
vagotomy in the treatment of ulcer disease. This 
series now totals 192, and, in relation to what the 
essayist said about the difficulty with emptying fol- 
lowing vagotomy combined with hemigastrectomy, 
we also have experienced that difficulty. 

At the moment we are in the process of doing a 
quantitative and qualitative analysis of the Levin- 
tube drainage from persons who do and who do not 
have vagotomy. | hope at a later date to have the 
opportunity to report the results to this organiza- 
tion, because the loss of electrolytes following 
vagotomy and in the absence of vagotomy has shown 
a tremendous difference. 

We have 


emptying following vagotomy may have something 


come to wonder if the difficulty in 
to do with an excessive loss of potassium, which 
we have not adequately kept up with because we 
didn’t understand actually how much potassium the 
patient was losing. 

What we have done is to measure every drop of 
Levin-tube output, to irrigate the tube (when 
of solution, to recover 1 oz. 
fluid 


a day, and to send a 


necessary) with | oz. 
and discard it, to give the patient 1 oz. of 
only per hour for 16 hours 
sample of every 8 hour collected suction to the labo 
ratory for analysis for sodium, potassium, and 
chlorides. We do find that the patients who have 
had vagotomies selectively lose a tremendously 
greater amount of potassium than those who have 
not had a vagotomy. 

I have no understanding of the reason for this 
whatever, but we do feel that, as soon as the period 
over, giving large 


of postoperative oliguria is 
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amounts of potassium and leaving the Levin tube 
in place for perhaps five days enables the patient to 
start taking oral food and fluids with a normal 
potassium content, whereas otherwise it may take 
him six to eight weeks to catch up with himself, 
during which time his gastric remnant does not 
empty. 

Dr. Henry N. Harkins, Seattle: I wish to thank 
the discussants, Drs. Castleton, Woodward, Clagett, 
Bell, Mathewson, and Bolman. I also want to thank 
the residents and co-authors, residents both present 
and past who have helped with this work, ‘par- 
ticularly Drs. Kanar, Sauvage, Finley, Olson, and 
Scott, the last named of Kellogg, Idaho. These men 
have participated in the thorough follow-up. Some- 
where between 1000 and 2000 letters have been sent 
out, and we have a regular clinic following these 
patients. These men have participated greatly in that 
work. 

There is little objection to the Billroth I as far 
as “dumping” is concerned. We have reported here 
today a low incidence of dumping when we do either 
the Billroth I or the Billroth II operation, and I 
am not convinced myself that there is much dif- 
ference. 

As iar as the weight loss is concerned, I believe 
that the Billroth I is superior—and I think that 
other men believe that, too. I also don’t think mor- 
tality is a factor against the Billroth I. I do want 
to point out to those of you who are used to clinic 
and private statistics that our figure of 3.1% mor- 
tality may seem high to you, but for county hos 
pitals, particularly where there is a very strong Old 
\ge Assistance Act, this is not high. I have looked 
for almost three years in the literature for any 
series in which the patients were as old as ours, and 
so far I have been unable to find any. 

It is not a matter of technique. Unlike Dr. Castle- 
ton, I had actually done three total gastrectomies 
with esophagoduodenal anastomosis before I ever 
did a Billroth I, and certainly if one can attach the 
esophagus to the duodenum, which I believe one can 
usually do if the indication is present for doing it, 
one can attach the stomach to the duodenum. 

The important item is the matter of recurrence. I 
want to point out that, if one breaks down our over- 
all recurrence rate to those with duodenal ulcer 
alone (not the combined operations with vagotomy), 
since 1948 we have had two recurrences, or only 
0.8%, which is actually a smaller recurrence rate 
than the over-all figure presented. 

The extent of resection is certainly an important 
thing, as Dr. Kanar has mentioned. 

Concerning Dr. Woodward's discussion, and also 
Dr. Mathewson’s and Dr. Bell’s, about the “con- 
versions,” we have done several. I had the oppor- 
summer of Kinar 


tunity this past visiting Dr. 


Perman, of Stockholm, who has now done 57 
conversions and is very enthusiastic about them. 
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Concerning Dr. Woodward's remark about the 
duodenum, if he had been here Wednesday he would 
have heard that in our laboratory we have ad- 
ditional information which indicates that there is 
some inherent resistance in the duodenum which 
may be associated with the presence of Brunner’s 
glands in the human being and in the pig, even 
though these glands are absent in most of the duo- 
denum in the dog. 

Regarding Dr. Bell’s question about whether we 
divide the patients as Dr. Zollinger does, according 
to preoperative weight, we try to but I don’t think 
we do it as thoroughly as he does. We are working 
in that direction. 

Concerning the observation and correlation of the 
length of history of dumping, Dr. Bell, we have not 
gone into that. 

Regarding Dr. Mathewson’s remark about mobil- 
ization of the duodenum, we do this maneuver es- 
sentially all the time. Since the difficulty mentioned 
was kinking and obstruction, we sometimes have 
had most of the difficulties reported by other per- 
sons with the Billroth I, but obstruction is one 
thing we never seem to have very much of, although 
of course in about 500 cases one does get it oc- 
casionally. 

Finally, I should like to show one slide—a picture 
of Christian Albert Theodor Billroth, 1829-1894. 

[Slide] I would be curious myself to know what 
this gentleman would think of the Billroth I versus 
the Billroth IT. 
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It is generally thought that benign peptic 
ulcer of the gastrointestinal tract occurs 
when there is a relative excess of acid gastric 
juice over the neutralizing and_ buffering 
mechanisms present. In most patients with 
duodenal ulcer this situation obtains because 
of hypersecretion of acid gastric juice of 
nervous origin.’ This hyperstimulation is 
transmitted from the central nervous system 
to the stomach by way of the vagus nerves; 
hence, vagotomy abolishes this pathologic 
healing of these 


mechanism and allows 


lesions. 

The gastrointestinal tract, however, is not 
selective and will succumb to the corrosive 
action of gastric juice from whatever origin. 
Thus, in experimental animals the adminis- 
tration of histamine in yellow wax (bees- 
wax) will regularly produce peptic ulcera- 
tion? In dogs the transplantation of the 


antrum into the colon results in 


hyperfunction of the antral “gastrin” mecha- 


gastric 
nism.* Peptic ulcers appear in a large per- 
centage of such animals.' 

It has been the clinical experience of one 
of us (G.A.S.) that marginal ulcer follow- 
ing physiologically complete vagotomy com- 
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bined with gastroenterostomy has been cured 
by resection of the gastric antrum. Ober- 
helman and Dragstedt* have recently re- 
ported a series of marginal ulcer cases fol- 
lowing vagotomy and gastroenterostomy in 
which there was radiologic and physiologic 
evidence of retention in and hyperstimula- 
tion of the antrum. 

In dogs prepared with denervated acces- 


sory stomach (Heidenhain) pouches, a 
gastroenterostomy is known to increase the 
secretory response to the daily standard 


diet under certain conditions.* This response 
is dependent upon the gastric antrum and 
can be obviated by using a small gastro- 
jejunostomy close to the pyloric ring,® or 
by the use of a pyloroplasty.+ The present 
study was undertaken to ascertain whether 
or not the gastric secretory response to 
other stimuli, namely histamine and alcohol, 
was affected by the creation of a gastro- 
whether or not this 


jejunal stoma and 


response would be altered after antrectomy. 


METHOD 


Five mongrel dogs were used; studies were per- 
formed during a control period following gastroen- 
terostomy and following antrectomy. The secretory 
response to histamine was determined in the follow- 
ing manner: 1 mg. of histamine phosphate was 
injected subcutaneously; the gastric juice secreted 
was collected by intermittent suction for one hour; 
free acidity was determined by titration against 
N/10 sodium hydroxide using Topfer’s reagent as 
an indicator ; the result was recorded as milliequiva- 
lents of HCl per one hour (mEq/hour). Six tests 
were performed on each dog during each stage of 
the study and the results reported as average 
values. 

The gastric secretory response to alcohol was 
studied in the following manner: The animal was 
given 50 ce. of 5% ethyl alcohol solution directly 
into the stomach, either by way of a Levin tube or 
<li 

* References 6 and 7. 


+ References 8 and 9. 
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an indwelling gastric cannula. After 30 minutes the 
gastric juice secreted was collected for a one-half 
hour period by intermittent suction. The result 
was reported as milliequivalents per one hour 
(mEq/hour). The test was repeated on two occa- 
sions in each animal during each phase of the study 
and the results reported as the average. 

In two animals a Levin tube was passed into the 
stomach under fluoroscopic control and the secre- 
tory studies performed. In two other animals a 
stainless steel cannula was introduced into the mid- 
portion of the anterior wall of the stomach at 
laparotomy. Secretory studies were then performed 
by way of these cannulae. Since the first phase of 
study in these four animals was made upon an 
intact stomach, these results are reported as a unit. 

In the fifth animal a denervated isolated fundic 
(Heidenhain) pouch was constructed. The secre- 
tory studies reported were performed upon this iso- 
lated pouch. Not only the response to standard 
doses of histamine or alcohol but also the daily 
standard food was calculated 
before and after gastroenterostomy and after an- 
trectomy. 


response to intake 


Surgical procedures were performed in the fol- 
lowing manner: was made 
using the first loop of jejunum. This was anas- 
tomosed to the anterior wall of the stomach as close 
as possible to the greater curvature and directly 
opposite the incisura. 


Gastroenterostomy 


The completed anastomosis 
was tailored to a diameter of 4.5 cm. In performing 
antrectomy, the gastrojejunostomy was first taken 
down, the duodenum was then divided immediately 
distal to the pyloric ring, and the duodenal stump 
was infolded and closed. The distal 20% to 25% of 
the stomach was resected in an effort to include as 
much of the gastric antrum as possible without sig- 
nificantly reducing the amount of acid-secreting 
mucous membrane present. Gastrojejunostomy was 
performed to the same or an immediately adjacent 
segment of jejunum. A Hofmeister-Polya technique 
Was used, the diameter of the gastrojejunal anasto- 
mosis again being tailored to 4.5 cm. 


RESULTS 
In Table 1 the average response to hista- 
mine stimulation in the four normal dogs is 
Tas_e 1—The Gastric Secretory Response to 


Histamine Following Gastroenterostomy 
and Antrectomy (Free HCl in mEq/hr.) 


Gastro- 

Dog No. Control enterostomy Antrectomy 
bviceasenaye’ 2.36 8.18 4.65 
Veveseseceee 6.09 3.19 2.96 
Srovecvssces 6.21 5.16 2.43 
Rcaccmaipisinteieie 6.98 6.57 3.67 
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TABLE 2.—The Gastric Secretory Response to 
Alcohol Following Gastroentcrostomy 

and Antrectomy (Free HCI in mEq/hr.) 








Gastro- 


Dog No. Control enterostomy Antrectomy 
Licekven wie 2.00 6.50 1.26 
Bivscadeeses 0.60 1.0 0 
Biscissnnenc 5.56 8.40 0.18 
Biiseieesenes 4.52 1.46 0 


presented for the control period, following 
gastroenterostomy, and following antrec- 
tomy. After gastroenterostomy, the response 
increased in one animal, decreased in a sec- 
ond, and remained unchanged in two. The 
changes do not have statistical significance, 
however, since in every instance the differ- 
ence between the individual tests averaged 
was equal to or greater than the changes 
the average We 
conclude, therefore, that there is no signifi- 


recorded in values. must 
cant change in the response to histamine 
following gastroenterostomy. 

After antrectomy, the histamine response 
that 
gastroenterostomy period in all four animals. 


decreased over obtained during the 
In three of the four the histamine response 
was less after antrectomy than during the 
control pregastroenterostomy period. Again, 
the difference between individual tests was 
as great as or greater than the differences 
recorded in the average values, and the de- 
crease noted is suggestive but not conclusive. 

In Table 2 are presented the changes in 
the After 
gastroenterostomy, the alcohol response in- 


secretory response to alcohol. 
creased in three dogs (although only very 
slightly in one) and decreased in the fourth. 
In two of the four animals the increase noted 
was constant and pronounced. Following 
the 


markedly diminished or totally abolished in 


antrectomy, response to alcohol was 
all four animals. In each test performed, this 
finding was constant. 

In Table 3 are presented the secretory re- 
sponses in the fifth animal prepared with the 
Heidenhain pouch. (Unfortunately studies 
in the sixth animal similarly prepared were 
After 
the average daily output of HIC1 from the 


not completed. ) gastroenterostomy, 
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isolated pouch in response to the usual stand- 
ard food intake increased to approximately 
four times that during the control period. 
This is in accord with previously reported 
After this response 
was reduced to less than one-fourth of the 


results. antrectomy, 
control value.*t_ Despite the sharp increase 
in the response to food, the secretory re- 
sponse of the Heidenhain pouch to histamine 
did not after 
After antrectomy, histamine response was 


change gastroenterostomy. 
slightly but not significantly reduced. The 


secretory response to alcohol increased 
considerably after gastroenterostomy, very 
nearly paralleling the food response. The 
this 


slightly more after antrectomy. 


alcohol response in animal increased 


TABLE 3.—Secretory Responses in Heidenhain 
Pouch Dog After Gastroenterostomy 
and Antrectomy 


Average 


24 Hr. HCl Average Average 

Output Histamine Aleohol 

to Food, Response, Response, 

mEq. mEq/Hr. mEq/Hr. 
Gi ecacweesunwnas 8.89 1.19 0.41 
Gastroenterostomy.. 31.12 1.19 1.30 
Antrectomy........... 2.01 0.64 1.70 


COM MENT 


Although removal of the nervous phase 
of gastric secretion is known to reduce the 
gastric secretory response to histamine both 
in man and in experimental animals,$ it 
has been considered that the presence of the 
gastric phase of gastric secretion, as medi- 
ated by the antral “gastrin”? mechanism, is 
not important to the histamine response. 
Resection of the antrum in dogs prepared 
with Heidenhain pouches drastically reduces 
the pouch secretory response to standard 
food intake, but it has been considered that 
there is an inconstant and seemingly in- 
significant change in the response of the 
fundic pouch to histamine stimulation.’ The 
gastric secretory response to ingested food 
frequently 


———_— ee 


increases after gastroenteros- 


t References 6 and 7. 


§ References 1 and 10. 
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tomy.|| It has been theorized that this in- 
due to the reflux of alkaline 
duodenal juices into the stomach, interfering 
the 
“gastrin” mechanism and allowing prolonged 


crease is 


with the normal acid-base control of 
antral stimulation. The results of the present 
study would seem to indicate that such an 
alkaline environment of the antrum does 
not enhance the gastric secretory response 
to histamine.’ Although all animals showed 
the 


sponse of about 38% following antrectomy 


an average decrease in histamine re- 


as compared with that following gastro- 
enterostomy, the significance of the change is 
debatable owing to marked variations in 
individual test results. 

The finding that ingested alcohol resulted 
in an increased gastric secretory response 
in three of five dogs following gastro- 
enterostomy corroborates previous reported 
data,* that alcohol acts as a foodstuff in 
causing chemical stimulation of the antral 
“gastrin”? mechanism. These previously re- 
ported findings are further supported by 
the 


response to alcohol following antrectomy in 


drastic reduction or abolition of the 
four of the five animals. Although alcohol 
also stimulates the intestinal hormonal phase 
of gastric secretion and stimulates gastric 
secretion after absorption into the blood 
stream apparently by release of endogenous 
histamine from body tissues, the greater 
share of acid gastric juice secreted after 
alcohol ingestion is from excitation of the 
antral mechanism. 

The gastric or antral phase of gastric 
secretion is presumed to be normal in pa- 
tients with duodenal ulcer, in the absence 
of evidence to the contrary. Under normal 
conditions, however, the gastric phase of 
gastric secretion is brought to termination 
by the drastic reduction in pH _ resulting 
from the acid gastric juice secreted by the 
In sur- 
the 


antrum is not excised as part of the surgical 


body and fundus of the stomach. 


gery for duodenal ulcer, therefore, if 


procedure, care must be taken that the 


physiological mechanisms controlling _ its 


rr 


|| References 6 and 7. 





function are not interfered with. We have 
learned the lesson of the excluded antrum,** 
where antral hyperfunction in an alkaline 
environment results in an excessively high 
marginal ulcer rate. In performing vagotomy 
for duodenal ulcer, we can fall into a similar 
trap unless the antral factor is taken into 
account. Vagotomy will abolish the hyper- 
secretion of acid gastric juice during the 
interdigestive period, but may set the stage 
for hypersecretion of acid gastric juice of 
antral origin during the digestive period. 
\We are fortunate that the physiology of 
gastric secretion in the dog is so similar to 
that in the human that we can profit greatly 
from the laboratory in designing surgery for 
patients. 

There are two ways in which this dilemma 
may be solved. One of us (G. A. S.) believes 
the best solution to be the resection of the 
antral portion of the stomach along with 
vagotomy. This allows preservation of the 
storage function of the stomach and greatly 
reduces the unpleasant postgastrectomy se- 


quelae which often follow extensive partial 


gastrectomy. In his hands, this combined 
procedure has produced excellent clinical 
results in 107 consecutive cases, with no 


mortality. With an average postoperative 
follow-up of six vears there has been only 
one marginal ulcer. The anterior Polya pro- 
cedure was used in all of these cases.# 

It is important to note that the human 
antrum is not so clearly delineated as that 
in the dog; there is a gradual transition 
from the nonacid-secreting mucosa of the 
antrum into the parietal-cell-bearing mucosa 
of the body of the stomach. This necessitates 
essentially a hemigastrectomy in the human 
to completely or nearly completely remove 
antral tissue 

{ References 15 and 16. 

# Our experience with Billroth I combined with 
vagotomy In 4 of 42 cases the 
3illroth I with vagotomy 
quently replaced by a Billroth II (anterior Polya) 
because of inadequate emptying of the stomach. This 


is not favorable. 


combined was subse- 


is being published in California Medicine by one of 
us (G.. A. S.). 
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Another of us (E. R. W.) believes that 


experimental evidence as well as clinical ex- 
perience dictates that the vagotomized stom- 
ach can be adequately drained by an ancillary 
surgical procedure so that the antral mecha- 
nism will not become hyperfunctional. This 
can be accomplished by a gastroenterostomy 
of small size placed near the pylorus,® or 
perhaps more satisfactorily by the use of a 
pyloroplasty of the Heineke-Mikulicz type.* 
If the vagotomy proves to be physiologically 
incomplete and nervous hypersecretion of 
acid gastric juice persists, resection of the 
antrum alone will not protect the patient 
from recurrent peptic ulcer. When this situ- 
ation obtains in a patient with vagotomy plus 
a drainage procedure, the usual two-thirds 
to three-fourths partial gastrectomy can_ be 
successfully used as a secondary operation. 
Secondly, one of the major advantages oi 
vagotomy in treating duodenal ulcer is that 
the difficult and dangerous dissection about 
a penetrating, callous, posterior duodenal 
ulcer can be avoided. This advantage is lost 
if antrectomy is to be used. (The second 
author [G. A. S.] believes that this advantage 
is neutralized if the entirely unnecessary re- 
moval of the ulcer is avoided. ) 

The that, in 
the duodenal ulcer patient who habitually 
and 


authors are in agreement 


chronically uses alcohol to excess, 
antrectomy combined with vagotomy is the 
preferable surgical 
the 


characteristic of the duodenal ulcer patient, 


procedure. Vagotomy 


reduces interdigestive hypersecretion 


while excision of the antrum obviates the 
powerful stimulation of this endocrine organ 
which results from ingested alcohol. Nutri- 
tion is frequently a problem in such patients, 
and the combined procedure interferes con- 
siderably less in this regard than a more 
extensive partial gastrectomy alone. Also, 
the alcoholic patient is probably more subject 
to the postgastrectomy sequelae than is a 
more emotionally stable patient. 


SUMMARY AND CONCLUSIONS 


I:xperimental data are presented on five 
dogs in which the gastric secretory response 
to histamine and to ingested alcohol was 
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determined before and after gastroenteros- 


tomy, and after antrectomy. Gastroenter- 
ostomy allows the reflux of alkaline duodenal 
contents into the antrum of the stomach, 
presumably accounting for the increased 
gastric secretory response to ingested food. 
Despite this factor, the gastric secretory 
response to histamine was not significantly 
altered after gastroenterostomy. Antrectomy 
following the gastroenterostomy produced a 
moderate decrease in the histamine response, 
averaging 38%. The significance of this 
finding is questionable owing to variability 
of test results. The secretory response to 
ingested alcohol was increased aiter gastro- 
enterostomy in four of five dogs. This 
corroborates previous experimental work 
demonstrating that ingested alcohol acts like 
a foodstuff and is a powerful stimulant of 
the “gastrin” mechanism. Antrectomy sub- 
sequent to gastroenterostomy resulted in a 
profound reduction in the response to alcohol 
in four of five dogs, providing further sup- 
port for this view. 

In the use of vagotomy in treatment of 
duodenal ulcer patients, the need for preserv- 
ing the normal controlling mechanisms of 
the antrum is pointed out. This problem can 
be solved by (1) resection of the gastric 
antrum or (2) use of a small gastroenteros- 
tomy placed near the pylorus or a Heineke- 
Mikuliez pyloroplasty. In the patient habitu- 
ated to the chronic ingestion of alcohol, the 
combined procedure of vagotomy and antrec- 
tomy is recommended, 


DISCUSSION 

Dr. Harry H. McCarruy, Omaha: Some of the 
points made somehow or other prompted me _ to 
think of Dr. Mason’s wonderful address yesterday, 
in which he pointed out the importance of the 
“doctrine of two medicines.” I believe that applies 
to gastric surgery as much as it does to the entire 
field of surgery. 

The history of gastric surgery is one of determin- 
ing results by means of a large number of statistics. 
In other words, we can arrive at a conclusion in 
either of two ways: (1) we can perform a few 
well-conducted experiments and arrive at a con- 
clusion or (2) we can collect a large number of 


statistics over a period of years and arrive also at 


a conclusion. 
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I believe we have now “arrived” at this con- 
clusion with the proper operation: the Billroth I. 
It is certainly the physiological operation for peptic 
ulcer. 

The main point I wish to make is this: We have 
gone through various phases, evaluating and dis- 
carding a surgical procedure for peptic ulcer; the 
status of gastroenterostomy was vague for years 
and finally was discarded. Then came the various 
types of gastric resection, the phase of vagotomy, 
and finally each one of these procedures has found 
its proper niche. We should have “arrived” at our 
present conclusion much sooner and in a different 
way. Perhaps the reason is that the greatest obstacle 
along the way has been of gastric analysis and our 
interpretation of the test. 

I intend no criticism of Dr. Woodward's paper 

in fact, he should be congratulated for bringing 
a physiological paper such as this before the West- 
ern Surgical Association; however, the reason that 
some of the results of use of histamine and alcohol 
before and after gastroenterostomy are equivocal 
is that they are not normal gastric stimulants. 
Histamine is a very powerful stimulant. If there 
are any gastric glands at all, they will respond to 
histamine. Accurate evaluation is impossible if the 
stimulant is abnormal. 

If one is to study the phases of gastric secretion 
separately and physiologically, one must use a 
proper type of test meal. 

The study of a sample of gastric secretion simply 
reflects the algebraic sum of the total functions of 
the stomach. The stomach is a dynamic organ, and 
things are going on all the time. There is a secre- 
tion of acid at a constant rate; it is being diluted: 
it is being neutralized by the duodenal secretions, 
by bile, by pancreatic alkaline solutions, and by 
saliva and concentrated by absorption of water 
irom the stomach. The interesting mechanism of 
acid inhibition exerts its depressing influence on the 
secretion of acid. In other words, how can we 
attempt to evaluate pre- and postoperative studies 
using abnormal stimulants, never taking into con- 
sideration the factor of dilution? 

If we are to evaluate our surgical procedures 
properly, both in the research hospital and clinically, 
we must use a proper gastric analysis and take 
into consideration the dilution factor. It cannot be 
determined how much gastric secretion enters or 
leaves the stomach unless some sort of a colori 
metric method of determining the amount of dilu 
tion is used. When the amount of acid is determined, 
the determination is not an absolute amount of 
total secretion—it is simply the proportionate secre- 
tion of acid per 100 cc. of gastric content. 

Had we made use of the proper physiological 
principles of the stomach, the studies of the patho- 
logical physiology would have been more accurate. 
\s President Mason stated yesterday, we should 
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master the basic fundamentals. In this way we 
would have arrived at a conclusion regarding the 
proper surgical procedure for peptic ulceration a 
long time ago—scientifically instead of empirically. 

Dr. Epwarp Roy Woopwarp, Los Angeles: I 
agree with Dr. McCarthy’s statements about the 
complexities of studying the over-all picture in the 
human. Fortunately, in the dog we can partition 
the various physiological functions of the stomach 
and can learn some things in that way, without 
having to account for so many other variables. This, 
of course, has limitations when it comes to applica- 
tion. 

Unfortunately, the dye dilution method is not 
easy to apply, but it certainly gives a more accurate 
picture of the over-all secretory function. 

I should like to take this occasion to express my 
gratitude to the Association for the privilege of 
being your guest here and for the privilege of the 
floor. 
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Esophagitis andl lcitiell iii 


ROBERT WOODRUFF, M.D. 
and 
ALBERT E. JAMES, M.D., Denver 


[:sophagitis manifested by epigastric pain 
and distress, retrosternal burning, belching, 
and dysphagia, and, in the more severe cases, 
esophagogastric ulceration with bleeding and 
cicatricial changes is oftenest due to esophag- 
eal hiatal hernia of the sliding type. Schmidt * 
at the Mayo Clinic found that among 170 
patients with benign regurgitant ulceration 
at the esophagogastric junction 158 had that 
type of hiatal hernia. 

A 47-year-old housewife who was first seen with 
the complaint of epigastric and retrosternal distress 
of many years duration. Several years previously 
she had been diagnosed as having “stomach ulcer” 
and had received some help from an ulcer program. 
However, the symptoms continued to progress. 
Intake of food intensified the symptoms and caused 
belching and regurgitation, much to the annoyance 
of the patient and her associates. Temporary relief 
was afforded by the ingestion of a popular antacid 
dispensed at cigaret counters. When first seen, the 
patient was using 12 to 14 packages of this product 
daily. X-ray examination of the upper gastro- 
intestinal tract did not reveal either gastric or 
duodenal ulceration. The esophagogastric junction 
was relaxed and could easily be forced 2 to 3 in. 
above the diaphragm into the posterior medias- 
tinum. This patient was suffering from regurgitant 
esophagitis secondary to an esophageal hiatal 
hernia of the sliding type. The pathology was 
corrected by a relatively simple type of abdominal 
operation, to be described, and for the past two 
years this patient has been free of any significant 


gastroesophageal symptoms. 

There is no real signficant intrinsic sphine- 
ter at the esophagogastric junction, and the 
normal valvular action at that point which 
inhibits regurgitation is maintained by the 


fixed angulation of the, junction as it passes 


a 
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through the aperture in the right crus of the 
diaphragm. The compression action of the 
muscular crus also plays a part in the main- 
tenance of a one-way passage at that point. 
Carey and Hollinshead* have given an ac- 
curate description of the anatomy of the 
esophageal hiatus and related structures. The 
muscular right crus of the diaphragm is sepa- 
rated in its midportion to form the hiatal ori- 
fice. The fibers forming the lateral edges of the 
hiatus approximate posterior to the esophagus 
and continue together into their insertion. 
Anteriorly the more proximal fibers are con- 
tinued around in a circular manner while 
the outer fibers decussate in the midline. 
Because of this decussation of fibers and the 
strong central tendon anteriorly, very little 
enlargement of the hiatus is possible in that 
direction and any significant increase in the 
size of the opening is usually at the expense 
of separation of the fibers posteriorly. This 
point is important in the repair of the hernia. 
The so-called phrenoesophageal ligament at- 
taches to the entire circumference of the 
esophagus about 1 in. above the gastric junc- 
tion. This structure spans the hiatus and 
blends into the fibrous tissue on the under 
side of the diaphragm. The ligament is cov- 
ered on its under surface anteriorly and 
laterally with peritoneum. This stretched-out 
ligament and its associated peritoneum make 
up the wall of the sae in the hiatal hernia. 
igure 1 outlines the normal relations at the 
esophageal hiatus and the changes associated 
with hernias at that point. In this study we 
are chiefly concerned with the sliding type of 
hernia, which is by far the commonest and 
which is the defect ordinarily associated with 
gastric regurgitation. Normal esophagogas- 
tric fixation is usually maintained with the 
paraesophageal hernia. True short esophagus 
is rare. The condition is more frequently ap- 
parent than real and is due to secondary fixa- 
tion of the sliding esophagogastric junction. 
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Fig. 1.—Fascial and peritoneal reflections at the esophageal hiatus of the diaphragm. A, 
normal. The fascia on the under surface of the diaphragm is reflected onto the esophagus as the 
phrenoesophageal ligament. B, paraesophageal hernia. The esophagogastric junction is fixed in 
its normal position. C, paraesophageal hernia with anterior wall of stomach rolled up into the 
sac. D, sliding hiatal hernia showing stretched out phrenoesophageal ligament and the loss 
of the esophagogastric angulation. 


I’sophagitis in the presence of esophageal 
hiatal hernia depends first on a sufficient in- 
terference with the esophagogastric valvular 
action and secondly on a sufficient flow of 
corrosive gastric juices. This second factor 
explains why this entity so often closely simu- 
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lates gastroduodenal ulcerations. Both lesions 
are associated with acid peptic activity on the 
mucous membrane. Both lesions tend to be- 
come more clinically active when nervous 
factors contribute to the 


stress and other 


more persistent flow of the corrosive gastric 


























ESOPHAGITIS AND HIATAL HERNIA 





juices. Ulcer management often adequately 
controls the milder manifestations of this con- 
dition. One can readily deduct that every 
roentgenologically discovered sliding hiatal 
hernia is not responsible for clinically mani- 
fest disease. Such is the case, and it is most 
important to be sure that the demonstrated 
hernia is responsible for the presenting symp- 
toms and is not a “red herring’? masking the 
diagnosis of some other more important intra- 
abdominal condition, 

\ 58-year-old man was seen because of massive 
gastrointestinal bleeding. One year previously he 
had had a similar episode and subsequently under- 
went surgical repair of an esophageal hiatal hernia 
diagnosed by roentgenological study. The bleeding 
continued and emergency abdominal exploration 
revealed a large duodenal crater as the source of 
the hemorrhage. It was our impression that the 
original bleeding was most likely from that duo- 
denal lesion. 


It is, of course, equally true that many 
patients have carried the diagnosis of stomach 
ulcers for years and others bear the scar of 
surgery for noncalculus gall bladder when 
sliding esophageal hernia was actually the 
cause of their trouble. 

It seems most reasonable that the small 
asymptomatic hernia needs no treatment 
other than periodic observation for evidence 
of increase in size. Larger hernias should be 
repaired because of danger of incarceration. 
In small hernias with mild transitory episodes 
of esophagitis, particularly in the older age 
groups, we have often been well satisfied with 
medical management consisting of an ulcer 
regimen to reduce and neutralize the acid 
gastric juice. Progressive or persistent symp- 
toms demand surgical treatment to satisfac- 
torily control the symptoms as well as to 
avoid the serious complications of ulceration, 
hemorrhage, and stricture formation. 

\ 65-year-old woman was first seen in Decem- 
ber, 1952, complaining of stomach trouble mani- 
fested by epigastric fullness and distress after eat- 
ing. There was retrosternal burning. The patient 
obtained some relief from antacids and vomiting. 
X-ray study confirmed the presence of a small 
sliding esophageal hernias The patient was under 
considerable stress because of a family situation 
which has since righted itself. All symptoms were 


rapidly. alleviated by an ulcer regimen, and there 





have been no further symptoms referable to the 
hernia. Surgical therapy would seem unnecessarily 
radical in this case. 


Prior to the work of Allison,’ the results 
following surgical repair of sliding esophageal 
hernias were far from satisfactory. This was 
due to the fact that the surgeon usually paid 
too much attention to the closure of the 
anatomical hole and too little to the correc- 
tion of the physiological defect. Too often 
after an apparently satisfactory repair of the 
hernia not only was the patient not relieved 
of his preoperative symptoms but in many 
cases they were made worse. Closure of the 
anatomical defect does not necessarily pre- 
vent regurgitation of the gastric juice. To 
Allison must be given the credit for recogniz- 
ing the importance of preserving the muscu- 
lar action of the right crus of the diaphragm 
as well as maintaining the normal fixation 
and angulation at the esophagogastric junc- 
tion. As his work has become more generally 
accepted, the enthusiasm for the surgical re- 
pair of this lesion has rightfully been greatly 
enhanced. 


TECHNIQUE AND RESULTS 

We wish to present the technique and the 
results following a method of repair of sliding 
esophageal hernia that we have used for the 
past few years. The principles of our repair 
confirm closely to those of Allison, but we 
have elected to use the abdominal approach, 
which we believe not only simplifies the pro- 
cedure but makes it possible to deal with 
associated intra-abdominal pathology at the 
same time. Cholecystectomy has been carried 
out after hernia repair without significantly 
extending the operative procedure. Appen- 
dectomy is almost routinely carried out if the 
appendix has not been removed previously. 

The stomach is emptied, and the tube is left 
in place. With the operator on the patient’s 
right, an incision is begun just to the right 
of the xiphoid and carried down the midline 
to a point just above the umbilicus. From 
there it is carried laterally and inferiorly 
across the right rectus muscle. In most in- 
stances the muscle is retracted laterally with- 
out dividing its fibers. On occasion removal 
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Fig; 2: 


Jasic steps in the repair of sliding esophageal hiatal hernia. 
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A, the stomach 1s 


retracted out of the hernia ring. 2, the peritoneum and phrenoesophageal ligament around the 
lateral and anterior edges of the muscular ring have been incised and separated away, exposing 
the underlying muscle fibers of the crus. The first suture has been placed and tied approximating 
the muscular edges of the hernia ring posterior to the esophagus. C, the closure of the muscular 


ring is completed. 
hiatus. 


of the xiphoid process has facilitated the 
procedure. If exposure is not sufficient, the 
lower portion of the sternum may be split, 
as advocated by Wangensteen and_ others. 
However, we have found that as we have 
hecome more experienced with this proce- 
dure this added adjunct is seldom, if ever, 
necessary. The ligament of the left lobe of 
the liver is divided, and that organ is mobi- 
lized and packed off to the right. The stom- 
ach is retracted downward either with the 
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D), the phrenoesophageal ligament is sutured to the diaphragm around the 


assistant’s hand or by the aid of a traction 
tape placed under the upper end of that organ. 
The hiatal defect and sac are inspected. In 
most instances we have found the procedure 
easier if the spleen is not disturbed from its 
normal position. The peritoneum and_ the 
underlying phrenoesophageal ligament are 
divided along the lateral and anterior borders 
of the hernial ring. The undelying muscle 
fibers of the crus of the diaphragm are 


brought into view. The muscle is particularly 
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identified and exposed posterior to the esoph- 
agus where the lateral bundles approach each 
other as they run toward their insertions. 
The excess sac is excised, and a cuff of liga- 
ment and peritoneum about 1 in. in width is 
left attached to the esophagus. Then, begin- 
ning posteriorly and continuing anteriorly, 
the muscular borders are approximated with 
interrupted stitches of nonabsorbable surgical 
(silk) suture until the hiatus is reduced to a 
size that just admits the esophagus without 
constricting it. Special effort is made to tie 
the ligatures loose enough so as not to crush 
the muscle fibers. The process is simplified 
if, after inserting and tying the most posterior 
stitch, it is left long and retracted to the 
right. Then the subsequent stitches can 
usually be introduced with little effort from 
the right side. The repair is completed by 
fixing the attached cuff of phrenoesophageal 
ligament to the diaphragm around the lateral 
and anterior edges of the repaired hiatus. The 
left lobe of the liver is allowed to fall back 
into its normal position, and the abdomen is 
closed after any other indicated intra-abdomi- 
nal procedure. The inlying gastric tube is 
removed when it is felt that the danger of 
retching and vomiting is past. A soft diet is 
started as soon as tolerated and is rapidly 
increased to normal. Early ambulation is 
practiced, and hospitalization is seldom con- 
tinued beyond one week. 

We have used the above-outlined proce- 
dure in the repair of 11 sliding esophageal 
hernias and have been gratified by the sim- 
plicity of the operation. 

Our experience with sliding esophageal 
hiatal hernias has brought forth some inter- 
esting observations. In several patients gas- 
had 


management 


troduodenal ulcerations been assumed 


and medical carried out with 
only partial relief to symptoms. The proper 
diagnosis was subsequently made when the 
roentgenologist directed his efforts toward 
the esophagogastric region. Hemorrhage of 
some degree was noted in a third of our pa- 
tients. Cholecystic disease was not uncom- 
mon, and on one occasion a fibroma of the 


stomach was removed at the time of hernia 


repair. One patient was brought to his physi- 








cian because of recurring organoaxial volvu- 
the 


lus of stomach associated with hiatal 
hernia. 

We have had no mortality and minimal 
morbidity in the small group of cases under- 
going surgical repair of hiatal hernia by the 
method outlined above. One patient suffered 
a small nonfatal pulmonary embolus, and 
mild 
heart failure. The results of surgery have 
All patients 
marked relief from their preoperative symp- 


another developed pneumonitis and 


been most gratifying. have 


toms. Prior to our use of this technique, 
when our surgical aim had been to close up 
the hole with little regard for physiological 
principles, the incidence of persistent post- 
operative esophagitis was most discouraging. 


SUMMARY AND CONCLUSION 

We have discussed the anatomy and physi- 
ology of the esophagogastric region and have 
presented a technique of transabdominal re- 
pair of the sliding esophageal hiatal hernia 
that to us seems more rational than the trans- 
thoracic approach. In our opinion, the trans- 
abdominal technique is less traumatizing, less 
time-consuming, and offers a simultaneous 
approach to other intra-abdominal disease. 
The technique is based on anatomical and 
physiological principles, which should insure 
a high incidence of success. 

In summary, it is our opinion that a surgi- 
cal procedure of this type, with little mor- 
bidity or risk of mortality and insuring a 
high rate of good results, will be indicated in 
more and more of the milder symptomatic 
sliding esophageal hiatal hernias which might 
otherwise progress to more serious disease 


with intractable complications. 
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The correct evaluation of upper abdominal 
symptoms in the presence of radiologic evi- 
dence of diaphragmatic hernia frequently 
poses a most difficult diagnostic problem. 
[t is often impossible to establish a correct 
diagnosis on the basis of symptomatology 
alone. This is particularly true in that group 
of patients who for one reason or another 
may be suspected of having liver, biliary- 
tract, or cardiovascular disease. 

At Letterman General Hospital a group 
has been investigating the effect of pneumo- 
peritoneum as an aid in the differential 
diagnosis in selected patients who, after care- 
ful clinical and x-ray investigations, were 
thought to be suffering from the effects of 
a hiatus hernia. The purpose of the study 
was to test the validity of symptomatic relief 
following pneumoperitoneum in patients in 
whom the clinical diagnosis was relatively 
well established. 

If intra-abdominal air produced relief of 
symptoms in a high per cent of selected 
cases of symptomatic hiatus hernia, its worth 
as a diagnostic agent could be demonstrated 
—cmmeennnginnn 

Read at the 63d Annual Meeting of the West- 
ern Surgical Association, Seattle, Dec. 3, 1955. 
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and it then could be used as a method of 
study in patients in whom a definite diagnosis 
could not be established on other grounds. 

Candidates for this study were questioned 
carefully as to the type, duration, and in- 
tensity of symptoms and also in regard to 
related conditions. Particular interest was 
paid to recumbent pain and regurgitation. 
Previous medical therapy was evaluated re- 
garding diet, drugs, and other methods used 
to control the pain. These patients were then 
esophagoscoped to observe the presence or 
absence of esophagitis and herniated gastric 
mucosa and to observe the action of the 
cardia. In patients with suspected hiatus 
hernia extensive x-ray examination of the 
upper gastrointestinal tract was carried out 
to establish the diagnosis and to rule out 
the presence of other organic disease. During 
fluoroscopy several maneuvers were used to 
distinguish the type of herniation when a 
hernia was found. The esophagogastric junc- 
tion was observed in the upright position 
and in the supine and prone Trendelenburg 
position while the patient was drinking a 
barium-water mixture. Increased — intra- 
abdominal pressure was used to determine 
the presence of regurgitation. This finding 
was observed in 11 of 15 patients complain- 
ing of symptoms attributed to an esophageal 
hiatus hernia. Esophagograms were obtained 
on all patients, and an attempt was made 
to evaluate the distal end of the esophagus, 
the type of herniation, and the presence or 
absence of peptic esophagitis. Identical pro- 
cedures were carried out on each of the 
patients selected for this series after pneumo- 
peritoneum, and a repeat examination was 


Eee 
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obtained after the surgical repair of the 
herniation. 

The patients selected were entered as 
cases in the series, and pneumoperitoneum 
was begun. The preparation of each patient 
was extremely important. All patients were 
instructed as to the symptoms, if any, which 
might be produced by the air and were asked 
to differentiate them from their previous 
complaints. Pneumoperitoneum was begun 
hy injecting a small amount of air, approxi- 
mately 300 ce., into the abdominal cavity 
by means of an aneroid pneumoapparatus, 
under a pressure ranging from 25 to 40 cm. 
ot water. Forty-eight hours later, a larger 
amount of air was injected in a similar man- 
ner, the average volume being between 500 
and 800 ce. 


injected on each occasion depended partly 


The precise amount of air 


on the musculature of the abdomen, degree 
of relaxation, and discomfort produced; 48 
hours after the second injection, between 
750 and 1000 cc. of air was given intra- 
abdominally, making a total of between 1500 
and 2000 cc. of air over a four-day period. 
\t this point the patient was asked to begin 
recording any changes in symptomatology. 
\t three five-day intervals thereafter, ap- 
proximately 750 cc. of air was injected in 
order to maintain an average pressure in 
the abdomen of approximately 10 cm. of 
water. During the two-week period follow- 
ing the initial three injections of air the 
patient’s symptomatology was evaluated. At 
the end of this study the patients were pre- 
sented to the surgical service for repair of 
the hiatus hernia. After surgery, these pa- 
tients were observed from three months to 
one year. 

Of the 15 patients who have been studied 
to date, 12 received unmistakable improve- 
ment with pneumoperitoneum; 7 patients 
experienced dramatic relief from air, while 
5 demonstrated good results but continued 
to have minor to moderate symptoms. One 
of the patients studied was unable to tolerate 
the procedure, and two showed doubtful or 
no improvement with pneumoperitoneum. 
\fter surgery, 14 of the 15 patients evalu- 


ated showed marked improvement of their 
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symptomatology. The degree of improve- 
ment following surgery was closely correlated 
with the degree of improvement gained by 
the pneumoperitoneum, except for one fe- 
male patient who got a very good response 
to the pneumoperitoneum but approximately 
two months after surgery had recurrence 
of her previous symptoms. 

The mechanism by which relief is obtained 
is not entirely clear. It appears that the 
hiatus hernia was reduced a sufficient num- 
ber of hours during the day to allow irritation 
and pressure to subside; hence, considerable, 
if not complete, relief was obtained. From 
repeated x-rays it is apparent that while 
sufficient air is under the diaphragm the 
stomach does not protrude through the 
hiatus in the upright position. In a number 
of patients it was demonstrated that in the 
Trendelenburg position the stomach herni- 
ated through the diaphragm in the same 
fashion as was observed before the injection 
of air. 

In conclusion, it is believed that this 
method simulates reduction of the hernia, 
anticipated by surgical repair, and that used 
as such it might well be a valuable technique 
for selecting patients who will benefit from 
surgery. 
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DISCUSSION 
On Papers BY Drs. WooprUFF AND JAMES AND 
Cor. Berry, Capt. HoLtsrook, Mayor 
LANGDON, AND Dr. MATHEWSON. 


Dr. CARLETON MATHEWSON Jr., San Francisco: 
I do not wish to prolong the discussion at this late 
hour, but IJ should like to congratulate Dr. Holbrook 
on his nice presentation of this problem and to 
thank Drs. Berry, Holbrook, and Langdon for the 
painstaking work they have done in studying this 
problem at the Letterman General Hospital in 
San Francisco. 

I believe we all are acquainted with the difficul- 
ties encountered in the differential diagnosis of 
hiatal hernia. The symptoms of different types of 
hiatal hernia and their complications vary and often 
simulate those of other organic diseases of the 
abdomen and thorax. We all have seen patients 
who have undergone surgical procedures for condi- 
tions other than hiatal hernia without relief, who 
eventually were relieved by repair of the hiatal 
hernia. On the contrary, too, we have seen many 
in whom the repair of the hernia has not relieved 
symptoms. 

The differential diagnosis in patients with symp- 
toms simulating coronary heart disease has been 
difficult. The 
Dr. Holbrook has been most helpful to me in two 


particularly method described by 
such patients. One patient was completely relieved 
of symptoms thought to be due to coronary heart 
disease by the injection of air and subsequently by 
The 


known to have a duodenal ulcer and moderately 


repair of a hiatal hernia. other, who was 
severe coronary disease, was relieved of distressing 
symptoms related to position by the injection of air 
and subsequent repair of the hernia but continued 
to have angina. 
Pneumoperitoneum is a harmless procedure, 
which in our limited experience promises to be a 
most helpful one in the differential diagnosis of 
hiatal hernia. 
Portland, Ore.: 
I have enjoyed very much these two papers on 


Dr. ALLEN Marston Boyden, 
hiatal hernia. I wish to comment very briefly on 
the first paper, by Dr. Woodruff. 

For a number of years I followed as closely as 
I could the work and technique of Dr. Harrington 
in the repair of these hernias from the abdominal 
approach. In the last three years, however, we 
have changed and have approached these hernias 
after the method described by Mr. Allison. 

[I was fascinated by: the drawings and the tech- 
nique described by Dr. Woodruff, and I arise pri- 
about 
patients in whom I feel a word of caution in this 


marily to comment one group of these 
approach might be indicated, and that is the group 
of so-called (and I say “so-called” with some reser- 


vation) congenital short esophagus. 
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Within the last year I have had two patients with 
this supposed disease. One of them was sent to me 
after having been studied very carefully by two 
groups of gastroenterologists, with the diagnosis of 
a congenital short esophagus with profound symp- 
toms of esophagitis and ulceration. 

Fortunately, in our records at the clinic we were 
able to find a set of x-rays taken of this woman 
about 10 years before. At that time she had the 
same symptoms. The stomach was completely in 
the abdomen, but the Trendelenburg position had not 
been utilized, and so we missed the diagnosis of 
hiatal hernia. 

In both this patient and a second with a similar 
problem we were unable to bring the stomach down 
by using x-ray maneuvers, and in approaching 
these through the chest we found that the scarring 
and contracture were so severe that it was neces- 
sary to free the esophagus to just below the aortic 
arch in order to reduce the hernia. 

30th of these patients have been free of symp- 
toms, and according to x-ray films their hernias 
have been adequately reduced, to date at least. 

Therefore, when the hernia cannot be demon- 
strably reduced prior to operation, a thoracic or 
combined thoracoabdominal approach is indicated. 

Dr. Portland Ore.: I 
realize that it is getting late, but I do want to com- 


Lester R. CHAUNCEY, 
ment on Dr. Woodruff’s paper; first, in regard to 
the abdominal approach, and, secondly, upon the 
emphasis he has placed on the presence of associ- 
ated disease. 

I don’t know whether it is true the country over, 
but it is certainly true in our part of the country 
that there has been great emphasis placed upon the 
approach, that is, abdominal or thoracic, by sur- 
geons who are at home in one cavity or the other but 
not at home in both. 

Some years ago in Chicago, experimental work 
carried out emphasizing the 


was importance of 


vagovagal reflexes—pinching the common duct of 
the gall 
esophagus and the production of diphragmatic her 


bladder with resultant shortening of the 


nias. This impressed us because not long after it 


Was reported a patient was operated upon for 
the fifth time to have his diaphragmatic hernia 
repaired; it had been done from above and below, 
twice each way, and each time it had recurred. The 
fifth 
stomach, we looked up, and there was the peptic 


time we operated upon him we opened his 
ulcer of the esophagus which had been previously 


overlooked and which was the cause of the per- 
sistent spasm of the esophagus with the resultant 
A distal 
gastric resection was carried out with no attempt 
at the 
hernia disappeared, aiid he has had no symptoms 
This taught us to look for and to 


treat associated disease that might be a cause of 


shortening and recurrence of the hernia. 
Postoperatively the 


repair of the hernia. 


since that time. 
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spasm of the esophagus, one of the prime factors 
in the production of the diaphragmatic hernia. 

I am not so sure but that a gastric resection or a 
cholecystectomy, carried out at the time of the 
repair of the diaphragmatic hernia, is not of as 
much importance in the relief of the symptoms as 
is the actual repair of the hernia. 

I should like to congratulate Dr. Woodruff very 
much on his presentation. 

Dr. Henry N. Harkins, Seattle: We have used 
pneumoperitoneum in repairing some cases with 
massive ventral hernias, where there is so-called 
loss of right of domain. We have been impressed 
with the ease of the operation. 

[ should like to 


ask Dr. Holbrook if he has 


noticed any ease in operation after the pneumoperi- 
toneum., 
Sir, 


I believe you are referring to the ease of the opera- 


Dr. Jonn P. Horsroox, San Francisco: 
tion in those patients who have had pneumoperi- 
toneums as opposed to those who have not, cor- 
rect? Yes, apparently it was easier. The surgeons 
reported that the operation was performed with 
more ease than might have been anticipated. This 
was reported, I believe, in total gastrectomies and 


that sort of thing. 


HERNIA 





The improvement that these patients had after 
surgery correlated rather closely with the relief of 
their symptoms gained through the pneumoperi- 
toneum. 

I should like to say that it has been a great 
privilege to appear before this group. May I say 
further that the members of the Departments of 
Radiology and Medicine who contributed to this 
project are deeply indebted to Dr. Methewson for 
his guidance and encouragement. 

Dr. Rogert Wooprurr, Denver: May I take just 
a moment to thank the discussants and to comment 
on the point Dr. Boyden made, which I believe was 
very well taken. 

I don’t mean to say by any means that this is the 
only way this lesion should be attacked, and I am 
sure that in the really bad cases, where the esopha- 
gus is scarred and adhered high up, the chest ap- 
proach will be necessary. We have seen histal her- 
nias in which the roentgenologist told us the patient 
had a short esophagus, and at surgery it was a 
very simple thing to mobilize the esophagus from 
below and then pull it down. However, I am sure 
there are cases (and we do see them) that need the 
transthoracic approach. 
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Technical surgical achievements occasion- 
ally precede knowledge as to indications for, 
and results of, operations. Successful opera- 
tions for diverticula of the lower part of the 
esophagus have been reported frequently, but 
there are insufficient data available on which 
to base a sound appraisal as to the place of 
surgical treatment in the management of pa- 
tients with these diverticula. In hopes of 
adding to the information at present in the 
literature concerning these matters, we are 
reporting our experience at the Mayo Clinic 
with the surgical management of cases of 
diverticulum of the lower part of the esoph- 
agus, and in another communication ! the ex- 
perience with nonsurgical management of 
such cases is being reported. [Emphasis is 
laid on morbidity and long-term results fol- 
lowing operation. 

1944 
through 1953, there were 201 patients with 


During the 10-year period from 


lower esophageal diverticula seen at the clinic. 
Of these, 24 underwent transthoracic removal 
of lower esophageal pulsion diverticula at 
this institution. Six of these cases have been 


reported previously by Harrington? One 


Read at the 63d Annual Meeting of the Western 
Surgical Association, Seattle, Dec. 3, 1955. 
Mayo Foundation (Dr. 
Habein) ; Section of Surgery (Drs. Kirklin and 
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Mayo Clinic and Mayo Foundation. The Mayo 
Foundation is a part of the Graduate School of the 
University of Minnesota. 
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case of multiple (two) pulsion diverticula 
and one case of associated traction and pul- 
sion diverticula are included in the present 
group. The material to follow pertains to the 
24 patients on whom operation was_per- 
formed. 
THE CLINICAL PICTURE 

The patients ranged in age from 38 to 73 
years, with an average of 53 years. The ratio 
of men to women in the series was approni- 
TABLE 1. Twenty-Four 


Surgical Cases of Lower Esophageal 
Pulsion Diverticula 


Symptoms Occurring in 


Patients 
with 
Symptom 
as Chief 


Patients 
with 


Symptom Complaint Symptom 

DFSPMOBIA occ ceccss Sent inein 16 _" 
Regurgitation ........... aes ia ' 7° 
WOE so crccuuceseukiahiaroenaws , 0 7 
Aspiration and eough......... 0 7 
ROGR- OL WEIR viisiccnscicicie csc 0 ( 
Recurrent epigastric pain..... ; 2 { 
Retrosternal aching............... 1 1 
“Noises” in the lower part of chest 0 2 
Epigastric fullness... ......0..ccsc00 0 
Bleeding .. cicenes 1 1 

OMe iicive teste niaeavews 24 


* Fourteen patients had both dysphagia and regurgita 
tion; six had dysphagia without regurgitation; three pa 
tients had only regurgitation 
mately 2:1. Table 1 lists the symptoms which 
were present in these cases. 

The symptom commonest as the chief com- 
plaint in this group of surgical cases is dys 
instances it consisted of 


phagia. In some 


simple obstruction without pain. In = two 
patients esophageal obstruction had pro- 
gressed to the point that only liquids would 
pass. Pain on swallowing, as distinct from 
simple obstruction, was the major symptom 
in two patients. 

Regurgitation of food or secretions was the 
chief complaint in four patients. Seventeen 




















LOWER ESOPHAGEAL PULSION 
patients had noted some degree of regurgita- 
tion, some noting it mainly on lying down. 
These persons had considerable nocturnal 
difficulty. 

Two patients came to the clinic because of 
recurrent episodes of epigastric pain. One 
of these had had difficulty for four years, 
and closer questioning elicited a history of 
recurrent dysphagia, pain with swallowing, 
The 


other patient, in addition to epigastric pain, 


and regurgitation during that time. 


also had noted dysphagia and pain on swal- 
lowing for 18 months. One patient gave a 
history of continuous retrosternal aching for 
10 months prior to admission. She had also 
had dysphagia during this period. One pa- 
tient in the series presented with hematemesis 
and melena. 

()f importance in emphasizing the possible 
complications resulting from esophageal di- 
verticulum is the fact that seven patients 
complained of a cough, usually secondary to 
the aspiration of regurgitated material. For 
one patient this amounted to “choking spells.” 
In another, cough occurred only at night. 


Two patients had been treated for “pneu- 
monia” just prior to coming to the clinic. 

\n additional bizarre but logical symptom 
noted by two patients in this series was the 
sensation of “gurgling noises” in the lower 
substernal region. Three patients experi- 
enced a definite feeling of fullness in the 
region of the sac, and one of these was able 
to appreciate a sensation of the sac emptying 
into the stomach. 

The duration of symptoms prior to regis- 
tration at the clinic varied markedly in these 
patients. The interval was not recorded for 
two cases, but in the others it varied from 
2 months to 30 years. One patient stated that 
he had experienced episodes of dysphagia all 
his life. The average duration of symptoms 


in 22 patients was five and one-half vears. 
PATHOLOGY 
Detinitive diagnosis was established in all 


cases by roentgenoscopic and roentgenologic 


examination of the barium-filled esophagus. 


In most instances the lesion appeared as a 





DIVERTICULA 








globular sac arising from the lower part of 
the esophagus by a neck of variable width 
and 3). 


esophagus was evident on roentgenologic ex- 


(Figs. 1, 2a, Obstruction of the 


amination in several cases. Many of the 
diverticula contained food and debris which 
produced filling defects (Fig. 3) in the 
opaque medium. In one case a diaphragmatic 
hiatal hernia so confused the picture that the 
presence of a diverticulum was not confirmed 
until after the hernia had been repaired ab- 
dominally. There were multiple (two) lower 


esophageal diverticula in each of two cases. 
phag 





Fig. 1. 
who had a large pulsion diverticulum in 
part of the esophagus. 


Preoperative esophagram of a patient 


the lower 


The distance between the gastric cardia 
and the neck of the pulsion diverticulum 
varied from 2.5 cm. to 10 cm. The majority 
were between 4.0 cm. and 8.0 cm, above the 
cardia, there being only two lesions located 
at the 10-cm. level. Actually the latter area 
in most persons lies within the middle third 
of the esophagus, where one more commonly 
encounters diverticula of the traction type. 
Clinically and pathologically, however, these 
two higher lesions were pulsion diverticula. 
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Fig. 2.—a, Preoperative esophagram made in 1950, showing a large pulsion diverticulum plus 
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a diaphragmatic hernia and some diffuse esophageal spasm. b, Postoperative esophagram made in 
1954 on the same patient as shown in a. There were no symptoms, and the esophagram showed 


no recurrence and no spasm. 


Of 22 patients with single lesions, the 
diverticulum was on the right side in 15 and 
on the left in 7. In the case of multiple pul- 


Fig. 3.—Preoperative esophagram made on a pa- 
tient who had two large pulsion diverticula in the 
lower part of the esophagus. There was also a small 
diaphragmatic hernia, which was not repaired. 





sion diverticula both lesions were on the right 
side. The size of these pulsion diverticula 
varied from 2.0 cm. to 11.0 cm. in the largest 
dimension, the average being 6.0 cm., as 
measured on the preoperative roentgeno- 
grams. By similar measurements, the length 
of the necks in the sagittal plane was found 
to average 2.5 cm. and vary from 1.5 cm. to 
4.5 cm. From a surgical standpoint the size 
of the neck of a diverticulum is of some im- 
portance, since it determines the size of the 
esophageal defect which must be closed after 
removal of the lesion. 

The neck of the diverticulum, judging from 
its roentgenologic appearance, was short in 
all cases. The average sac was connected with 
the esophagus by a stalk of only 0.5 cm. in 
length or less, the body of the diverticulum 
expanding, much in the manner of a mush- 
room, to maximal size close to the esophagus. 
In some instances there was very little if any 
neck discernible on the roentgenogram, and 
in these situations the esophageal defect was 


rather long after diverticulectomy. 
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Esophagoscopy was carried out preopera- 
tively for all but 3 patients in this group of 


24 cases. A significant degree of esophagitis 
was noted in six of the patients who were 
so examined prior to operation. The inflam- 
reaction limited to the area 
around the ostium of the sac or to a short 


matory was 
segment of the esophagus above and below 
the orifice. No ulcerations were noted in any 
case, nor was a significant organic stricture 
present in any instance. In the one case in 
which bleeding occurred as the patient’s chief 
complaint, a small bleeding point was visible 
within the sac of the diverticulum but there 
was no apparent ulceration. 

The of the 
various lesions associated with the diverticula 


incidence and combinations 


TABLE 2.—Incidence and Combinations of Various 
Lesions Associated with Twenty-Four Surgical 
Cases of Lower Esophageal Pulsion 
Diverticula 


Total 
Number As 
of Single 
Patients Asso- With With With 
Associated with ciated Hiatal Diffuse Esopha- 
Lesions * Lesion Lesion Hernia Spasm _gitis 
Hiatal hernia ll 5 ae dt 5t 
Cardiospasm 2 2 0 0 0 
Diffuse spasm 9 3 St an 5 
Esophagitis 6 0 5f 5 


*Seven patients nad no associated lesion. 
+ Four of these five patients also had esophagitis. 
} Four of these five patients also had diffuse spasm. 


Table 2. 


in 17 of the 24 surgical cases there were as- 


are shown in It is noteworthy that 


sociated lesions. Eleven of the twenty-four 
surgically treated diverticula were associated 
with a diaphragmatic esophageal hiatal her- 
nia. All the hernias were relatively small, 
there being none with more than 5.0 cm. of 
stomach above the diaphragm. 

Eleven of the cases had some degree of 
esophageal spasm. In only two cases did this 
resemble a true cardiospasm. In the others 
the spasm involved a rather long segment of 
the lower part of the esophagus. This was 
actually a diffuse spasm, the diagnosis of 
which may be somewhat difficult because of 
its transient nature in many instances. 

It may be significant as regards symptom- 
atology and prognosis that in no instance did 


esophagitis occur in patients with only a pul- 
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sion diverticulum. All patients exhibiting 
this complication had another lesion (hiatal 
hernia or spasm) associated with the di- 


verticulum. 


SURGICAL CONSIDERATIONS 

Preoperatively it is well to have the di- 
verticulum as empty of retained food, debris, 
and barium as possible. Some patients, by 
various maneuvers, are able to accomplish 
this themselves. The importance, in some 
cases, of one or more preoperative esophageal 
dilatations with a sound over a previously 
swallowed thread has probably not been 
stressed sufficiently in the past. It is felt that 
this procedure may, by relieving esophageal 
obstruction, be of value in preventing excess 
pressure on the suture line following diver- 
ticulectomy. Dilatation was carried out prior 
to operation in only nine of these cases, but 
it is now routinely done. 

Depending on the position of the divertic- 
ulum in the roentgenogram, either the right 
or the left transthoracic approach is em- 
ployed. The majority of thoracic pulsion di- 
verticula protrude from the right side of the 
esophagus. However, in seven cases in the 
present series the diverticulum was on 
the left. 

Some of the steps in the operative proced- 
ure are illustrated in Figure 4. The lower 
part of the esophagus is exposed through a 
posterolateral incision, the opening into the 
chest being made through the eighth inter- 
space or bed of the resected eighth rib. After 
division of the pulmonary ligament, the lower 
lobe of the ipsilateral lung is retracted superi- 
orly and the posterior mediastinal pleura is 
incised over the diverticulam, which usually 
lies near the cardiophrenic angle just above 
the diaphragm. Actually, a large diverticulum 
may extend out between the layers of the 
pulmonary ligament. There should be little 
difficulty in identification of the sac, which 
must be separated from the branches of the 
vagus nerve. It is not unusual to find vary- 
ing degrees of inflammatory reaction around 
the sac and in the periesophageal tissues. 

The diverticulum, consisting only of the 
mucosal layer, is dissected down to its neck, 
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Fig. 4—Composite drawing demonstrating some of the essential steps in the removal of a 
lower esophageal pulsion diverticulum. The mediastinum has been opened. The diverticulum has 
been mobilized and dissected down to its true neck. a, Removal of the diverticulum under a 
clamp by the cut-and-sew method, the mucosal defect being repaired with fine interrupted non- 
absorbable surgical (silk) sutures placed so that the knots are within the lumen of the esophagus. 
b, The esophageal muscle has been sutured, and the edges of the mediastinal pleura are being 
sutured down over the esophagus. 


which protrudes through a smooth, oval de- 
fect in the esophageal muscular coats. A 
curved clamp is placed across the neck of 
the diverticulum, care being taken not to com- 
promise the lumen of the esophagus and yet 
to assure adequate removal of the pouch. The 
latter is excised by a cut-and-sew technique 
similar to Sweet’s bronchial closure. The re- 
sulting mucosal defect is closed in the longi- 
tudinal direction by interrupted 000 or 0000 
(silk ) 
placed that their knots lie within the lumen 


nonabsorbable surgical sutures so 
of the esophagus, or by a continuous stitch 
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of 00000 chromic absorbable surgical (gut) 
sutures. The muscular defect is closed with 
a row of interrupted silk sutures. After the 
anesthetist has passed a Levin type of tube 
into the stomach, the posterior mediastinal 
pleura is sutured down over the esophagus 


A No. 30 inter- 


costal tube is left for temporary closed inter- 


with interrupted stitches. 


costal drainage. 

Continuous suction is maintained on the 
inlying gastric tube for two or three days, 
and then the gastric tube is removed if clamp- 
ing is tolerated. Usually the intercostal tube 











LOWER ESOPHAGEAL PULSION 
may be removed in three or four days. Noth- 
ing is permitted the patient by mouth during 
the first three days. On the fourth day sips of 
water are allowed as tolerated, and a clear- 
liquid diet is started on the fifth day. By the 
end of the first week the average patient is 
taking a soft diet without difficulty. 

In no cases in this series was there suffi- 
cient organic stenosis of the esophagus to 
justify resection of the esophagogastric junc- 
tion. In one patient an extramucosal esoph- 
agocardiomyotomy (Heller operation) was 
combined with diverticulectomy. 

In the instance illustrated in Figure 3, 
there were two pulsion diverticula of the 
lower third of the esophagus. Both lesions 
were removed in the manner described, at 
the same operation. 

\ small diaphragmatic hernia was an as- 
sociated finding in 11 instances. One of these 
hernias was repaired abdominally prior to 
removal of the esophageal diverticulum four 
months later. nother hernia associated with 
a left-sided diverticulum was repaired trans- 
thoracically at the time of diverticulectomy. 
In the other nine cases repair of the hernia 
was not done. Only one of these latter her- 
nias was associated with a left-sided divertic- 
ulum. In several instaiices, also, there was 
marked inflammatory reaction in the region 
of the diaphragmatic hiatus. 


RESULTS OF OPERATION 

Six of the twenty-four patients in whom 
operation was performed developed compli- 
cations in the period of postoperative hospi- 
talization. In one of these patients the com- 
plication was a relatively minor one in that 
mild esophageal bleeding developed on the 
second postoperative day. At esophagoscopy, 
a small pledget of absorbable gelatin sponge 
(Gelfoam) was placed over the sutured area 
of the esophagus, and the bleeding did not 
recur. In five cases a major complication 
developed in the immediate postoperative 
period, In one of these an esophagobronchial 
fistula developed on the 27th day after oper- 
ation. This closed after esophageal dilatation 
and antibiotic therapy. The patient has re- 


mained asymptomatic in the ensuing nine 
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years. In four cases esophageal leakage from 
the suture line and resultant empyema re- 
quiring open drainage developed. One of 
these patients died on the 13th postoperative 
day after the development of anuria. 

Kighteen patients made an uncomplicated, 
rapid recovery following diverticulectomy 
and were dismissed from the clinic within 
an average of 19 days after operation. 

No attempt is made to minimize the seri- 
ous nature of the complications which oc- 
curred in the group of six cases. It is to be 
emphasized, however, that in the 12 cases in 
which operation was performed during the 
past five years there was but one case of post- 
operative empyema. 

Taste 3.—Long-Term Results in Twenty-Four 
Patients Undergoing Surgical Removal of 
Lower Esophageal Pulsion 
Diverticula 


Result Patients 
IRE TRUM oe dic cdcuccecducccnpacandntcaawsceneceuens + 
DO: Ss vin Kaciaddcacuducednccedaetadundscne 11 
Only oceasional symptoms..............eeeeeeces 9 
BOVGTD SUMO OUI Ss oo ccs vinccccencceccccceccscscses 1 
UTC TINE DORE FOUR i. ccecesscsicvecdccces 1 
PUNE diidcdddudueediwnaciendeeteceneidexhauens 4 


The long-term results in the series are 
summarized in Table 3. In addition to the 
one early postoperative death, one other pa- 
tient is not living. He obtained a good 
immediate result from diverticulectomy and 
died of unrelated causes more than one year 
later. 

Of the 22 remaining patients, 11 are com- 
pletely free of symptoms. It is to be remem- 
bered that all patients had significant symp- 
toms prior to operation. Four of these eleven 
patients have been reexamined at the clinic 
three or more years since operation and have 
no recurrence of the diverticulum (Fig. 25). 
The information about the other seven pa- 
tients has been obtained from recent ques- 
tionnaires. 

Nine patients have occasional dysphagia 
or regurgitation. One patient has severe 
symptoms. One patient is untraced. The 
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patient who had two pulsion diverticula re- 
moved from the lower part of the esophagus 
is in the asym matic group, and roentgen- 
ologic stud, as shown him to be without 
recurrence at the present time. The patient 
in whom diverticulectomy was combined with 
a Heller operation also has been asympto- 
matic in the three years since operation. The 
patient on whom operation was performed 
for bleeding has had no recurrence of this 
symptom in the 13 months since diverticu- 
lectomy. 

There are, then, a total of 10 patients in 
whom there were moderate or severe symp- 
toms following operation. The patient with 
severe symptoms is known to have had a 
recurrence of the diverticulum within a month 
of operation. This patient had an associated 
diffuse esophageal spasm both preoperatively 
and postoperatively. Six of the nine patients 
with occasional symptoms are known to have 
an associated diaphragmatic hernia or dif- 
fuse spasm or both, while the other three 
patients have known recurrent diverticula. 
Thus all patients with occasional or severe 
symptoms following diverticulectomy have 
either an associated lesion or a recurrence 
of the diverticulum or both. 

There are four known recurrences of the 
diverticulum. One of these is discussed in 
the preceding paragraph. Two of the other 
known recurrences have been in patients with 
a preexisting diffuse esophageal spasm, and 
thus three of the four known recurrences have 
occurred in patients with diffuse spasm. It 
is to be noted, however, that six patients 
with an associated diffuse spasm have no 
indication of a recurrent diverticulum at the 
present time. Furthermore, three of the four 
patients with known recurrent diverticula 
had an early postoperative complication of 
In these three 
cases the recurrence has been a 


leakage at the suture line. 
small one 
and the symptoms mild. 


COMMENT 


It is apparent from the data presented that 
patients with diverticula of the lower part 


of the esophagus have been treated surgically 
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at the Mayo Clinic only when symptoms 
were present. Allusion has been made to the 
fact that in 17 of the 24 surgical cases there 
were associated lesions of the esophagus. In 
these 17 cases it is difficult certainly to ascribe 
the symptoms to the diverticula rather than 
to the associated lesions. 

the the 
lower part of the esophagus seems to occur 


Recurrence of diverticulum of 
under two conditions. First is the presence 
of an associated lesion such as diffuse spasm 
of the esophagus, and next is the occurrence 
of leakage from the anastomosis early in the 
postoperative period. The prevention of re- 
currences hinges then on technical features 
of the operation and on the proper selection 
of cases for surgical treatment. The techni- 
cal aspects of the problem seem reasonably 
well in hand, since in the last 12 cases there 
has been only one postoperative complication, 

It is significant that all of the patients with 
severe or occasional symptoms following di- 
verticulectomy have either a recurrent di- 
verticulum, associated diffuse spasm, or a 
diaphragmatic hernia. The presence of an 
associated lesion, therefore, should weigh 
against operative intervention on the divertic- 
ulum, unless the associated lesion can be 
handled surgically at the same time or prior 
to diverticulectomy by either medical or surgi- 
cal means. This is so since the results of 
operation are less good in patients with as- 
sociated lesions and the incidence of postoper- 
ative complications and recurrent diverticula 
is greater, 

SUMMARY 

An experience with the surgical treatment 
of lower esophageal pulsion diverticula in 24 
cases is presented. Emphasis is laid on the 
results of operation as they affect the selec- 
tion of cases for surgical treatment. 
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